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INTRODUCTION
Swine confinement buildings have been widely utilized in recent
years to improve animal performance, to reduce productive cost, and to
reduce labor requirements.. These benefits have been challenged by
health problems associated with confinement facilities.
Gaseous ammonia (NH3) and organic dust are two n^in factors
contributing to poor air quality in hog barns (Doig and Willoughby,
1971). Swine-hpuse dust is potentially dangerous because it serves as
a transmission vehicle of pathogenic microorganisms, and a carrier of
odors and harmful gases. It has direct adverse effects on both humans
and animals. In humans, dust can induce acute or chronic malfunction
of the respiratory tract producing symptoms such as coughing, chest
tightness, wheezing, stuffy nose, shortness of breath, eye irritation
or lacrimation, headache and dizziness (Donham and Gustafson, 1982).
Dust is also related to rapid deterioration of buildings and equipment
CBundy, 1974).
Many factors have effects on dust concentration in swine houses.
Air velocity and temperature are two which can be easily controlled.
The primary objective of this study was to examine the effects of
air velocity and temperature on dust concentration in swine confinement
facilities. More specifically, the objectives were:
1. To determine the effects of air velocity and temperature on
dust concentration in the pig chambers.
2. To compare the dust concentration levels in the chambers
with the dust level in a typical nursery room.
3. To compare the dust concentration levels at different
positions in the chambers.
4. To examine the activeness of pigs at different air
velocities and temperatures, and to find a relationship
between the pigs activeness and the dust concentration
levels present in the chambers.
LITERATURE REVIEW
Dust is defined as a suispension of particles in the air. The
particles may be solid, but the meaning can also include clouds of
droplets of non-volatile liquids, such as water (North of Scotland
College of Agriculture, 1979). A system in which solid particles or
liquid droplets are dispersed in a gas is also called aerosol (Honey
and McQuitty, 1976). According to the dimension and the formation of
these particles, they are often subdivided into dust, smoke, fume, mist
and clouds (Dorman, 1974). Other definitions are also available (Grub
et al., 1965; Palmer, 1973). There is no standard dust classification
system. In literature, the two most frequently encountered terms, when
classifying dust particles, are respirable dust, which consists of very
fine particles, and organic dust, which is made up predominantly of
particles from plant, animal and microbial fragments. Respirable dust
particles are small enough to penetrate into the deepest recesses of
the lungs, yet large enough to deposit there, and often cause injury
and allergy (Meyer and Manbeck, 1986; North of Scotland College of
Agriculture, 1979; Van Wicklen and Albright, 1982b). These particles
which commonly occur in large numbers in animal environments are nearly
invisible dust clouds. They are considered to be dangerous to the
health of both animals and caretakers. Organic dust often contains a
wide range of potentially allergic materials including the spores of
many bacteria and viruses; sometimes it is also called viable dust
(North of Scotland College of Agriculture, 1979; Van Wicklen and
Albright, 1982b). Dust in animal houses is mostly both respirable and
organic.
Dust is an important contaminant in the animal environment. The
reason is that it associates with microorganisms, it is a carrier of
odors and toxic gases, and it is the cause of many respiratory
diseases. It also quickens the damage of the equipment in animal
shelters.
The Source and Composition of Animal House Dust
The composition of inhale particulate matter is extremely
important to the prediction of potential health hazards (Donham et al.,
1977). Wathes et al. (1984) pointed out that the origin of airborne
dust in animal houses is the animals themselves, the animal caretakers,
the bedding or litter, especially during bedding down and when
disturbed, and feed. Aherin (1986) reports that the dust in animal
housing consists mostly of manure, feed grains and animal dander.
Different kinds of animals in confinement may cause some difference in
dust composition, but the ^jor components are the same, they are grain
dust, dried fecal material, dander and broken bits of hair from
animals, bacteria and bacterial endotoxins (Donham et al., 1977; Donham
and Gustafson, .1982).
Only swine and poultry house dust have been intensively considered
in literature. Qualitative analyses have shown that crude-protein
content of chicken diets is probably higher than that of swine diets,
but the difference in aerial-dust composition between swine and poultry
houses is probably because of feather and skin debris in poultry house
air.(Curtis et al.., 1975a).. -
Poultry house dust originates from feather, skin,debris, fe^ arid
litter (Grub et al., 1965). Analysis pf the dust in the exhaust air
from a poultry house showed 60% crude protein,- 11% ash, 9% fat, 3%
cellulose and 17% other carbohydrates ,-(Eby and Willson, .1969). - Another
qualitative analysis of poultry house dust also indicated that the
percentage of.crude protein in the dry matter increase_with the age of
the birds. Microscopic examination revealed an increase in skin and ,
feather debris that could account for the increase in crude, protein.
The cimount of cellulose present in the dust changed only slightly
during the growing period. The remainder of the dry matter was ash and
hydrocar^ns (Anderson et al., 1966). The dust from the caged layers
consists of two distinct types of particulate matter. One type which
makes up the bulk of the matter is flat, flaky, and cellular in
structure. Some of these particles were yellow, and.contain droplets
of oil. This material was identified as skin debris which had flak^
from,the epidermis of the birds, together with some feed particles.
Another t^e of particle is long, cylindrical, and possesses nodes and
internodes. These are broken feather barbules with an average diameter
of 4 Mm. Broilers raised on litter produce more dust in most instances
than similar birds raised in wire cages (Koon et al., 1963). The
samples from the poultry houses contained more fibrous material,
feathers, down, etc., than the. samples from dairy and swine barns
(Logsdon, 1965).
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Airborne dust particles in swine buildings originate primarily 
from the feed (Curtis et al., 1975a; Chiba et al., 1985; and Heber et 
al., 1986). Stroik and Heber (1986) noted that in a swine finishing 
house, 11% of particles greater than 2.7 µm diameter were positively 
identified as starch. Honey and McQuitty (1979) applied a 
photomicrographic method to analyze dust composition. Their close 
observation of the dust samples collected in swine houses revealed that 
atmospheric dust particles originate primarily from feed. About 1% of 
particles ranging from 11 to 16 µm were pieces of hair, while about 10% 
of the particles appeared to have originated from skin. Of particles 
in the size range from 7 to 9 µm, about 5% appeared to have originated 
from skin. Shape and color were the bases for these observations. 
Dark fibrous particles were assumed to be hair, while thin, flat, 
translucent or white particles were assumed to have originated from 
feed. Crude protein measurements of swine house dust ranged from 23.4% 
to 28.7% (Donham et al., 1977). Aengst (1984) reported that the 
settled dust samples from a pig fattening house contained an average of 
13.1% water, 14.6% ash, 23.9% crude protein, 4.3% fat and 3.4% crude 
fibre. 
Particle Size Distribution 
Particle size is important considering the relation of particle 
sizes and respiratory diseases. There are several reasons to explain 
this (Curtis et al., 1975a). First, particle size determines how long 
the particle, once airborne, remains in the air. Second, particle size 
is often related to number of bacterial cells per particle; obviously,
larger particles may contain more bacteria. Third, inhaled-particle
size determines where in the respiratory tract the particle deposits.
Fourth, particle size and form determine the bacterial cell's aerial-
survival period.
The particle size distribution in any sample can be expressed as
the percentage of the number of particles smaller than a specified
size. A commonly accepted threshold size in disuneter is 5.2 //m, first
defined by Anderson as cited by Honey and McQuitty (1976). The
particle diameter less than 5.2 ym is considered hazardous because-
these are the particles which can penetrate the lungs. Particles
greater than 5.2 ym are considered non-hazardous. But the ASHRAE
Handbook of Fundamentals (1985) states, particles less than 2 um are in
the range that should be considered by industrial hygienists because
that is the size range most likely to be retained in the lungs.
Prosser (1975) defined particle sizes between 0.5 and 6 ym to have a
potential health hazard to the lungs, but pollens and other materials
in the 20 to 60 ym size range can give rise to allergic complaints.
The smaller the particle, the further down the respiratory tract
it can deposit (Bundy, 1974; Curtis, 1983; Honey and McQuitty, 1976).
Curtis et al. (1975a) cited from Hatch and Gross that only one-third of
the inhaled particles 6 wm in aerodynamic or equivalent diameter reach
and deposit in the lungs (two-thirds deposit in upper-respiratory
passages), whereas almost all inhaled particles 3 ym or smaller reach
and deposit in the lungs. The ASHRAE Handbook of Fund^entals (1981)
indicates that respiratory tract damage is most apt to occur; in the
nose, from irritant material of 5 Mm or larger in diameter; in the
trachea bronchial area, from 0.5 to 5 Mm; and in the alveoli; from very
small particles.
Aherin (1986) reports that 90% of the dust particles are very
small, barely visible. Bundy and Hazen (1973) carried out an
experiment using different feeding methods, ventilation rates, relative
humidities, with and without ionization in two specially designed
chambers. .They concluded that 95% of the dust in swine buildings was
in particle sizes considered damaging to the lungs, 50% of the dust
within the measured ranges was made up of particle sizes between 0.5 Mm
and 1 Mm. Honey and McQuitty (1979) performed some experiments on
swine with different combinations of pen volumes, feeding methods,
relative humidities and air flow rates. The particle ranges (particles
per 0.028 m^ of air) and size distribution are given in Table 1.
a
TABLE 1. Particle numbers at various size ranges
particle size in diameter (microns)
dust
levels
11-16 7-9
min 19160 13290
max 31130 20240
mean 25140 16760
3-5 1.8-3.8 1-3 0.7-2.2 <5
19820 25080
27620 34280
23720 29680
25450 14680 85230
36580 21640 119920
31010 18160 102580
From Honey and McQuitty (1979).
Leonard et al. (1984) did the research from Sept. 1, 1981 to May
31, 1982 in commercial broiler housing. They divided the particles
into two groups: smaller than 5 Mm and greater than 5 Mm. They
concluded that mean dust concentrations of particles sized less than 5
m ranged from 664 to 6788 particles/liter, whereas concentrations of
the.particles larger than 5 wm ranged from 35 to 1300 particles/liter.
The result suggests that the major portion of the suspended dust is
capable of deep inhalation into the lungs. Stroik and Heber (1986)
indicated that the average percentage of particles counted and sized by
the resistive-pulse method which are less than 5.2 microns is 93.3%"
from dust s^ples of 11 commercial swine houses. McQuitty et al.
(1985) observed that mean daily dust concentrations of particles sized
less than 5 Mm for three laying barns ranged from 8300 to 12700
particles/liter, while mean total daily counts ranged from 8600 to
13200 particles/liter.
The ASHRAE (1985) points out that on a particle count basis, over
99% of the particles in a typical atmosphere are below 1 Mm in size,
even by weight, about 80% of the contamination is supplied by particles
less than 5 Mm in diameter.
Building and Equipment Deterioration
Dust can cause damage of animal housing and the equipment in the.
buildings. A common and often costly result of dust build-up is in the
ventilation system. Items such as fan motors, thermostats, timers and
other ventilation controls become less reliable or have to be replaced
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frequently due to malfunctions caused by dust. With high-density
housing, the failure of controls at an inopportune time can result in
animal losses (Bundy and Hazen, 1975).
In the 1950's the air filters, fans, and heat exchangers in a
commercial or residential window-type air conditioner were absolutely
unsatisfactory when used in poultry or livestock shelters due to the
dust problem (Roller, 1963), Anderson et al, (1966) stated that
poultry house dust has been found to impair the operational efficiency
of equipment in poultry houses to such a degree that functional failure
is not uncommon,
Notestine and Pfost (1965) pointed out that there were three
specific types of equipment trouble in the dairy project because of the
presence of the dust in the environment. The most common one was the
simple plugging of the evaporator fin space by dirt accumulations.
Reduced air flow caused coil freezing and water throwing in exhaust-air
stream with complete shutdown eventually becoming necessary. The most
unnecessary difficulty was plugging of the evaporator-pan drains. The
most serious problem was fin corrosion which resulted in physical and
permanent equipment damage.
Dust can be the cause of fire. Generally, solids are ignited and
burn more easily as their size decreases. Not only are dusts
relatively readily ignited, but also they burn more rapidly. The
reason for this is that air, or oxygen, gains easier access to the
whole mass if it is in the form of small particles (Palmer, 1973).
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Dust surrounding electrical fixtures can be the cause of fire
because dust can be ignited by sparks from motors, fuses, switches,
short-circuits and from the breaking of incandescent light bulbs
(Bundy, 1974). Bundy (1974) cited from "Office of State Fire Marshal"
that from one-third to one-half of the fires in Iowa where losses were
greater than 25,000 dollars were attributed to defective wiring, dust,
or a combination of both. These losses totaled to 760,000 dollars in
1971 and 489,000 dollars in 1972.
Dust also quickens the corrosion of metals of which most
ventilation components and other equipment in livestock buildings are
made.
Dust as a Transmission Vehicle of Microorganisms
Bacteria in animal confinement is a severe problem because it
causes various kinds of animal diseases. Microbes can be transmitted .
among animals directly or indirectly. One mode of indirect
transmission is through the air> via droplets or dust particle vectors.
Microorganisms are fixed to dust particles which act as carriers in
airborne state (Muller et al., 1984). Particulate matter carries viral
and bacterial agents into the respiratory system and causes diseases
there. There is generally a strong relationship between dust and
microbic concentrations in the air of animal houses. Many airborne
bacteria in animal houses are not in the form of droplet nuclei, but
rather are carried oh dust particles. Bacteria may comprise as little
as one ten-thousandth of the mass of a dust particle, or on the other
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hand there can be as many as 10,000 bacterial cells clumped together to
form a single, relatively large airborne particle. Most dust particles
in animal houses contain numerous bacteria, although each particle
normally has only one bacterial species (Curtis, 1983). Curtis (1983)
also noted that the aerial concentration of all bacterial-colony-
forming particles (BCFP) in closed dairy-cow houses average less than
100,000/m^; that in beef houses, around 200,000/m^; and in swine
houses, around 300,000/m^. Many large aerial BCFP are dust particles
containing bacteria. In general, the higher the aerial-dust level, the
higher the aerial-BCFP level (Curtis et al., 1975a).
Dust in the atmosphere of poultry houses is a major problem
confronting the poultry industry as producers move toward effective
environmental control. This dust is known to contain large numbers of
microorganisms, many of which are potential pathogen (Anderson et al.,
1966).
Fiser and Hunat (1976) observed that in farrowing houses occupied
by sows, the number of lactose-positive coliform microbes vari^ from
2000 to 2400 per gram of dust, These microbes can be infective for a
long time. Jurajda and Klimes (1970) noted that the dust collected
from the subceiling ventilation space, surfaces of electric brooders,
and window parapets proved to be a source of Marek's disease infection.
The dust is infective for at least 44 days.
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Dust as a Carrier of Odors and Gases
Livestock producers face a problem about the release of odors to
the surrounding environment from their production operation. They are
under pressure to decrease or eliminate the odors (Licht and Miner,
1979). Odors in and around concentrated swine production units are
very objectionable to the operator and his associates. If
uncontrolled, they may become a public nuisance (Day et, al., 1965).
The odors in livestock production units are associated with many
factors. These are the biological degradation of the animal wastes,
the body odor of the animals and atmospheric malodorous substances,
such as hydrogen sulfide (H2S), ammonia (NH3), aliphatic aldehydes,
mercaptans and amines (Honey and McQuitty, 1976). However, dust
particles are closely related to odor in and around animal facilities
(Barth et al,, 1984). They play an important role in odor
transmission. Hammond et al. (1979) reported that the odors of a swine
confinement facility were all dust-borne. When odorous compounds were
washed from swine-house dust with wet ether, the most important
compounds that were found were acids, phenols and carbonyls. They also
reported that odors from lagoon and feedlots were removed by particle
filters. All the odors of animal facilities were amplified by
particles.
Licht and Miner (1979) pointed out that particles can stimulate
the sense of smell because of odorant volatility or because a volatile
odorant is desorbed from them. They concluded, from their research on
the swine confinement building, that there was a highly significant (99
14
percent confidence level) relationship between odor removal and
particle removal by the scrubber.
Other reports have shown that particulate matter is implicated as
an odor transport mechanism in poultry houses. Burnett (1969) examined
particulate matter collected by high volume samplings from commercial
poultry house atmosphere. The particles were found to have a "chicken
house" odor. Eby and Willson (1969) sealed the filter pads used for
collecting poultry house dust in a plastic film for about 6 weeks.
When the seal was broken, the filter pads still had a strong and
distinct poultry odor. Dust control as a means of reducing odor
emissions have been studied by several researchers (Barth et al.,
1984).
Dust particles also absorb gases. This interaction between dusts
and gases affects the respiratory tract. The effects of aerial dust
and NH3 on pigs' performance are additive (Curtis et al., 1975b).
Ammonia alone rarely irritates the lungs, although it does irritate the
nasal passages and trachea. However, if ammonia was absorbed by dust
particles, or by water in dust particles that were of the size that
could reach the lungs, then the dust would serve as a vehicle to
increase ammonia's impingement in the pulmonary region. If dust is
present along with ammonia, the gas's effects can be very different
from those in a dust-free atmosphere (Curtis, 1983). ASHRAE Handbook
of Fundamentals (1981) also indicates that irritant gases such as SO2
may be absorbed onto small particles and thereby penetrate much farther
♦
into the lung than normal.
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The Effect of Airborne Dust on Health of Animals and Caretakers
Insidious respiratory disorders are among today's most prevalent
swine diseases. The economically important disease of complex, chronic
pneumonia, is widespread, and it may reduce growth rate in swine by up
to 30% (Huhn, 1970: cited by Curtis et al., 1975b). Airborne dust is
one of the main sources which cause respiratory disorders of both
animals and animal caretakers. According to Gill (1947), inhalation of
dust can produce four distinct effects: (1) coughing and
expectoration, or chronic bronchitis, caused by relatively large
particles which irritate the lining membrane of the upper air-tubes,
(2) shortness of breath, or dyspnea, in varying degree on exertion,
caused by small particles which reach the depth of the lungs, (3)
spasmodical breathing, of a transient nature, caused by dust which
affect directly the respiratory control mechanism, (4) poisoning of
the system, caused by toxic dusts which pass their poison through the
extensive lung membrane into the circulating blood.
Two factors, particle size and composition, are important when
considering the effects of aerosols on human and animal health.
Particle size determines the site of deposition in the respiratory
tract. The composition determines the effect on tissue at the site
deposited (Seinfeld, 1975).
In order to establish respiratory disease, a virulent organism
must be deposited in a critical location appropriate to the disease.
The size of the transporting dust particle plays an important role in
carrying a microorganism to a suitable location for either survival
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resulting in the hibernation of the disease to reappear later, or
growth and reproduction resulting in the ravages of disease (Honey and
McQuitty, 1976).
Particle size is significant, not only on account of the relative
mass of organisms which may be carried, but also because the larger
particles tend to localize in the upper respiratory system. The
smaller ones pass to the lung alveoli (Gordon, 1963). The level in the
respiratory tract at which a particle deposits depends on its
aerodynamic size (Curtis, 1983). A general rule in hygienic surveys is
that the finer the size of the particle and the greater the dispersion
then the greater is the health hazard (Honey and McQuitty, 1976).
Particles larger than 10 Mm are almost all removed in the nasal
passage, resulting in little probability of penetrating to the lungs.
Removal in the upper respiratory area drops to essentially zero at 1
Mm. Dust removal is high in the pulmonary air spaces, being
essentially 100% for particles 2 Mm and larger. The percent of inhaled
particles which penetrate to, and are deposited in, the pulmonary air
space is a maximum between 1 and 2 Mm. Larger particles are usually
trapped higher in the respiratory tract (Hatch and Gross, 1964). Some
particles can be trapped in the lower respiratory tract. Larger
particles have larger capability of retention. Gill's experiments
(1947) showed that retention was 90 percent on particles of 3 Mm; 80
percent on 2 Mm; 58 percent on 1 m, and 25 percent on 0.2 Mm.
Van Wicklen and Albright (1982a) found that calf mortality in
outdoor hutches is usually much lower than in enclosed barns due to
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dilution of viable respirable aerosols. From their experiments on
hogs, Underdahl et al. (1982) reported that on all the farms sneezing
was noted among some,of the older pigs in the farrowing unit. Sneezing
was always recorded in the nursery and appeared to be caused by dust in
the feeders and the environment. Pigs with pneumonic lesions were
reported on one of their experimental farms. This farm had a higher
bacterial and dust count. They found that each slaughter inspection
produced hogs with several pneumonic lesions on their lungs.
A high dust level causes areas of consolidation to appear in the
lungs which would adversely affect their function capability for
oxygen-carbon dioxide exchange (Wolfe et al., 1968).
Dendy (1970a) indicated that dust and ammonia are the most common
pollutants in poultry houses. A high degree of air pollution exists
due to dust. It is also true in hog barns. Chronic coughing, lowered
weight gains, and an increased incidence of enzootic pneumonia had been
noticed in barns with high amounts of NH3 and dust (Doig and
Willoughby, 1971). Anderson et al. (1966) observed that chickens
exposed "naturally" to ammonia, carbon dioxide, and dust in a poultry
house for 6 days had some loss of cilia from the epithelium of the
upper portion of the trachea and the turbinates. Dust particles were
visible in the macrophages of the lungs. Dust in broiler houses was
found to be a source of E. coli organism (Carlson and Whenham, 1968).
Organic dust also plays an important role in many human
occupational diseases of chronic nature. Aherin (1986) pointed out
that the air in confinement buildings contains dust particles which
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often cause severe lung damage. If a confinement worker inhales dust
particles for several hours a week, he would probably experience at
least some symptoms. First, he may be bothered by allergic reactions.
Later, portions of his lungs could harden and become less elastic.
This reduces the lung's capacity. He could become more susceptible to
respiratory diseases like pneumonia and chronic bronchitis.
Donham et al. (1977), ppnham and Gustafson (1982), and Stroik and
Heber (1986) investigated some health problems of swine confinement
workers and veterinarians. Their results are summarized in Table 2.
From the table, we can see that the most frequently reported symptoms
are related to the respiratory tract.
Donham and Gustafson (1982) also reported that acute respiratory
symptoms reported by a higher percentage of swine confinement workers
are primarily caused by gaseous and high levels of aerosolize
particulates in the work environment. The symptoms experience by the
majority of these workers are suggestive of chronic bronchitis. There
are many similarities between symptoms experienced by swine confin^ent
workers and symptoms reported by grain handlers and cotton workers.
Dust Concentration and Affecting Factors
Dust concentration
Swine confinement Aerial dust concentration commonly reaches
over 10 mg/m^ in swine houses, but it varies with several factors. It
tends to be higher in closed than in open-fronted houses; in growing-
finishing than in farrowing houses; and during cold weather than during
19
TABLE 2. Symptoms experienced by swine confinement workers and
veterinarians
Symptoms
coughing
increased sputum
or phlegm
chest tightness
wheezing
stuffy nose
runny nose
shortness of breath
sneezing
eye irritation
or watering
headache
dizziness
nausea and vomiting
chills of fever
muscle aches
and pains
scratchy throat
irritation of
nasal passages
worker
63.6
63.6
54.5
54.5
54.5
45.5
45.5
36.4
18.2
18.2
9.0
% positive responses
vet
74
54
63
57
40
14
74
worker
67
56
36
27
45
30
39
37
25
54
worker
66.7
33.3
16.7
16.7
33.3
33.3
16.7
Data from Donham et al. (1977), n = 11 = number of individuals
investigated.
^Data from Donham et al. (1977), n = 35.
Data from Donham and Gustafson (1982), n = 486.
^Data from Stroik and Heber (1986), n = 12.
'No data reported.
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warm (Curtis, 1983). Meyer and Manbeck (1986) monitored total dust
levels in 43 swine rooms, respirable dust levels in 15 rooms. They
found that the average total dust levels for the nursery, grower-
finisher, farrowing and gestation-breeding phases were 2.74 (ranged
from 1.10 to 5.10), 1.99 (from 0.60 to 4.48), 1.23 (from 0.44 to 2.99),
and 0.77 (from 0.32 to 1.21) mg/m^, respectively. The average
respirable dust percentages for farrowing, gestation-breeding, and
nursery rooms were 63.0, 46.8 and 19.6, respectively. Stroik and Heber
(1986) investigated eleven commercial swine finishing houses, four were
environmentally controlled and seven were modified open front. The net
mass concentrations of aerial dust that they measured averaged 7.2
mg/m^ with a maximum of 37.7 mg/m^. They also monitored the dust
particle numbers in the houses, and reported that the numbers ranged
from 1720 to 9100 particles per liter with an average median diameter
of 2.2 Mm. Donham and Gustafson (1982) took some dust measurements
from 17 swine buildings. They observed that dust levels ranged from
1.19 to 6.73 mg/m^ (median=3.4) for total particulates.
Poultry barns Extremely high concentrations of atmospheric .
dust are found in poultry houses, especially during the winter, in
northern climates where ventilation is reduced (Wolfe et al., 1968).
Carlson and Whenham (1968) noted that broiler houses, on their
experimental farm, became extremely dusty as the birds grew older, with
low relative atmospheric humidities of 50-55%. Dust concentration in
the air reached levels which caused discomfort to flock attendants.
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Anderson et al. (1966) reported an average dust concentration of
13.78 mg/m^ of air with a peak dust concentration of 50 mg/m^. The
3 3number of particles per 0.028 m (1 ft ) of air ranged from 10,000 to
over 1,000,000. Burnett (1969) found relatively low dust
concentrations in poultry houses which ranged from 2.12 to 4.38 mg/m^
of air, with an average of 3.29 mg/m^. Eby and Willson (1969)
attempted to measure the dust concentration based on the number of
birds on the farm. They stated that quantities of dust produced
amounted up to 50 mg/bird/day. This can add up to 0.45 kg (1
lb)/day/1000 birds, or 113 kg (250 lbs) of dust for an establishment
with 250,000 layers or broilers.
Factors affecting dust concentration
There are many factors that affect the dust concentration in
animal environment. For swine, the dust concentration in descending
order of importance is: activity of the pigs, temperature, relative
humidity, amount of feed fed, feeding method, pig weight, and air flow
rate (Honey and McQuitty, 1979). For poultry, the factors are age and
density of the bird population, ventilation rate, relative humidity,
temperature, the operation of overhead feeding equipment, and type of
bedding used (Anderson et al., 1966).
Temperature Although some previous investigators (Anderson et
al., 1966; Gordon, 1963; Honey and McQuitty, 1979; Koon et al., 1963)
considered temperature as a parameter that has effects on dust
concentration in animal buildings, no detail analysis was given about
how temperature affects dust levels. The effects of temperature.
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relative humidity, ventilation rate and animal activity on dust
concentration are interrelated, they cannot be separated. Therefore,
temperature may affect dust concentration indirectly. Underdahl et al»
(1982) stated that an indirect effect of temperature on dust level
possibly results from its relation with relative humidity. The later
generally increases as the ambient air temperature decreases. Dendy
(1970a, 1970b) pointed out that improved housing with better control of
temperature and ventilation has resulted in far more efficient removal
of moisture from broiler houses. The warmer the house, the more apt
the litter is to become dry and dusty.
Koon et al. (1963) reported, from their research in poultry
houses, that the dust quantity produced by caged layers was low at
10°C, increased to a high-level plateau at 15.6°C and 21:.1°C, and
decreased as the temperature approached 37.8®C. One possible reason
for a dustier environment is that birds were more active at lower
temperatures. Grub et al. (1965) obtained similar results. They
determined that caged laying hens produced most dust at 15.6®C and
21.1®C. At higher and lower temperatures dust production dropped. But
temperature did not affect the production of dust by broilers raised on
wire. Stroik and Heber (1986), and Heber et al. (1986) indicated that
the effect of outside temperature was significantly and inversely
correlated to net mass concentration and number density in swine
buildings. The experiment of Stroh et al. (1978) showed that
temperature has little effect on particle counts.
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Relative humidity The effect of relative humidity on the dust
levels in animal facilities, as mentioned previously, is related to
temperature. A general situation is that higher dust levels exist in
lower moisture content air.
Stroh et al. (1978) reported that for poultry relative humidity
tended to affect both the total number of particles and the larger size
particles. A higher relative humidity increased the number of large
sized particles, but decreased the total number of particles. Dendy
(1970b) suggested that one way to reduce dust is to consider increasing
humidity of the air, litter or both. Grub et al. (1965) showed the
same tendency; that is, dust produced by layers on litter was a
function of air moisture. Dust production dropped as air moisture
increased. A similar result was also obtained in swine buildings by
Heber et al. (1986). They stated that inside relative humidity seemed
significantly and negatively related to indoor dust concentration.
Bundy and Hazen (1974) and Bundy (1984) concluded, according to
their research in swine chambers, that: (1) after dust becomes
airborne, the relative humidity has little effect on the change in
airborne dust concentration with time; (2) dust removed by air
ionization is not affected by relative humidity. Honey and McQuitty
(1979) performed an experiment in four separated swine pens. The
result was that a relative humidity difference of six percentage points
did not affect atmospheric dust concentrations, but was associated with
a statistically significant effect on settled dust concentrations. The
lower relative humidity resulted in a greater amount of settled dust.
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Ventilation rate Many previous workers reported a strong
correlation between ventilation rate and dust concentration.
Generally, when ventilation rate is high, the dust concentration is
low. Bundy (1974) measured the dust concentrations in swine facility
buildings. The important findings were that (1) air ventilation at 1
m
ventilation; (2) the effectiveness of air ventilation in removing dust
decreases as the dust concentration decreases; (3) dust decay rates
increase with an increase in air circulation; (4) the air movement
pattern across a collector plate affects the collection efficiency of
the ionization system.
A low air flow rate was associated with a significantly greater
amount of atmospheric dust particles in the particle size ranges, 7-9
wm and 3-5 Mm, than was a high air flow rate (Honey and McQuitty,
1979). The experiment of Van Wicklen and Albright (1982a) in a calf
barn showed that as the ventilation rate increased from 0,0045 m^/s to
0,07 m^/s per calf, the respirable aerosol concentration within the
barn approaches the concentration of respirable aerosol in the inlet
air,
Some researchers reported that dust levels in environmentally
controlled buildings vary with changing weather. The reason for this
variation is that the ventilation rate changes with weather, more
specifically, with outside temperature. Curtis et al. (1975e) and
Curtis (1983) indicated that annual fluctuations of aerial-BCFP and
dust levels in swine houses probably owe only indirectly to outside
^/min per animal reduced the dust level to 50 percent of that with no
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temperature; they probably resulted mainly from different ventilation
rates during periods of cool and warm weather. During the winter when
ventilation was reduced, extremely high concentrations of atmospheric
dust were found in poultry houses (Wolfe et al., 1968).
Honey and McQuitty (1979) reported that the interaction between
humidity and air flow rate was significant (p<0.01) in the particle
size range 7-9 ym. At the lower humidity, the higher dust
concentrations occurred at the low airflow rate. Airflow rates had no
effects on dust concentrations at the higher humidity.
Air velocity Once a dust particle is airborne, it tends to
follow air currents, unless greater forces remove the particle from the
airstream. Therefore, control of the air movement produced by
ventilation is effective and tends to be the most practical means of
particle removal when ventilation is used for temperature control, as
is commonly practiced in mild or warm weather (Bundy et al., 1974).
However, how air velocity affects dust concentration in animal
houses has not been intensively investigated; therefore, no such
information can be obtained.
Meyer and Manbeck (1986), from their investigation, concluded that
total dust levels in the swine houses are reduced with higher speed
recirculation ventilation type systems. However, the respirable dust
levels seem to be higher in recirculation type high speed systems.
Licht and Miner (1979) obtained the following results: for particles
larger than 5 in diameter, a highly significant correlation relates
particle removal to fan speed. No statistical correlation exists
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between particle removal and fan speed for particles smaller than 5 m
in diameter.
Heldman and Funjrath (1968) and Punjrath and Heldman (1972)
attempted to examine the influence of air velocity on re-entrainment of
small particles from horizontal surfaces, and observed that a major
portion (over 90%) of dust particles (5 - 40 Mm in diameter) are
removed from a flat surface when free-stream velocities are between
4,57 and 7.62 m/sec (15 and 25 ft/sec). Honey and McQuitty (1979)
noted that the aerodynamic characteristics of size ranges, 3-5 um and
7-9 ;im, of particles may result in the only particles affected by the
air velocities and turbulence prevailing within the pens.
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EXPERIMENTAL FACILITIES
The whole project was composed of two parts. The animal
experiment was carried out in the AISI laboratory located at the ISU
Swine Nutrition Station. Four specifically designed environmental
chambers were placed in the building side by side. The temperature in
the room was controlled at a desired level. The pigs used in the
experiment were from ISU Swine Nutrition Farm farrowing building. A
supplementary experiment was performed in a laboratory in Agricultural
Engineering Department at Iowa State University. In this experiment,
another wooden chamber was used for measuring airborne dust without
animals.
Animal Experimental Chambers
Four chambers were built to house eight weanling pigs under
typical production conditions. The inside dimensions of the chambers
2
are 118 cm x 118 cm which provide 0.17 m /pig. Midwest Plan Service
2
(1983) recommends 0.186 m /pig for pigs at 3 to 6 weeks of age.
The sidewalls of the chamber were constructed with 0.95 cm plywood
on the outside, 3.8 cm of rigid foam insulation in the centerf and 1.9
cm plywood on the inside. The 1.9 cm plywood was coated with a thin
layer of silicone caulk in the pig area for protection and
cleanability. The walls were insulated so the inside surfaces would
stay close to the chamber air temperature and would prevent high
radiant heat gain or loss between the pigs and the walls. Wall corners
were sealed with silicone caulk to prevent air leakage.
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The flooring is a commercial woven wire mesh. Slot size is 1.5 cm
X 4.5 cm. The flooring is supported by 1.9 cm diameter galvanized
steel pipe spaced 29.5 cm apart.
Manure and urine was stored under the wire mesh flooring until it
was flushed out. The manure storage pit was designed to be flushed and
washed approximately every 3.5 days. The average depth between the
floor and the bottom of the chamber is 48 cm. Four 20.3 cm polyvinyl
chloride (PVC) ducts are located 22 cm below the flooring to draw air
out of the chamber. The central lines of the PVC ducts are 30 cm apart
and 14 cm from the sidewalls. On each duct, there are two rows of
larger holes with a diameter of 5.1 cm, 8 holes in each row, and five
rows of smaller holes with a diameter of 1.9 cm, 7 holes in each row.
The holes are 15.2 cm apart, and evenly spaced in the longitudinal
direction. There is an average of 15 cm from bottom of duct to the
chamber bottom. The chamber bottom was constructed with the same
material as the walls. The floor was covered on the inside with a
sloping sheet of 0.95 cm plywood. The inside plywood slopes towards
one corner at about 5 degrees for flushing the pit. The pit bottom and
sides were coated with a thin layer of silicone caulk. All corners
were well sealed with silicone caulk to prevent leakage. The front
wall of the pit area is removable to allow access for thorough cleaning
of the pit.
A nipple waterer was mounted in the middle of one side wall of
each chamber at about 25 cm above the flooring. The nipple waterers
were mounted at a 45 degree angle for easy access.
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There are two 2-hole commercial nursery pig feeders in each
chamber. This meets Midwest Plan Service's (1983) recommendation for a
maximum of 2 pigs/feeder space. The feeders are located side-by-side
on the floor against the sidewall opposite the waterer. A door of
about 60 cm x 60 cm is in the front wall of the chamber for access into
the pig area. The bottom of the door is about 23 cm up from the
flooring and the door is centered in the wall. The door has overlaps
on the outside that seal against foam weather stripping to prevent air
leakage. The door was held in place with two bar latches across the
door. The door has a two-layer 28 cm x 28 cm plexiglas window to allow
viewing of the pigs, and the remainder of the door was insulated. The
windows were covered with plywood most of the time to prevent outside
activities from disturbing the pigs.
Two 7-watt incandescent light bulbs are located 68.6 cm above the
flooring on the sidewall. opposite the camera mount and are 30.5 cm
apart. Each light was enclosed in a hardware cloth cage to protect it
from the pigs. One light operated continuously to provide illumination
for the camera at all hours. Another light was controlled by a timer
and operated from 6:00 A.M. to 6:00 P.M. One timer was used to control
the lights in all four chambers, which allowed all the lights to be
turned on and off at the same time.
Air movement system
A centrifugal fan on top of each chamber forces air into the
chamber downward past the pigs, through the flooring, and out of the
chamber through the four 20.3 cm PVC ducts under the flooring, as shown
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in Figure 1. Because the volume of air required to create the desired
air velocity throughout the chamber greatly exceeds the required amount
of fresh air, almost all of the air exhausted from the chamber was
recycled back into the chamber. Air from the 20.3 cm PVC ducts
exhausts into a plywood duct behind each chamber prior to being
recirculated. The fans used to move air through the chambers are
Dayton^ Models 4C054 and 7F731. The model 4C054 supplies air
velocities up to 25.4 cm/s throughout the chamber and the model 7F731
supplies air velocities up to 40.6 cm/s. The fan speeds were
controlled with variacs to get the desired air velocities.
Modifications were made on the air inlet system until a uniform
velocity was created.
Initial attempts at making the air velocities uniform throughout
the chamber included forcing air into the top of the chamber through
two 20.3 cm PVC ducts containing uniformly distributed holes. The air
then passed through masonite pegboard. Although these relatively
simple measures helped air distribution considerably, there was still
air velocity differences as much as 100%. The air velocities near the
floor also oscillated considerably due to turbulence.
Numerous approaches were tried in an attempt to get a more uniform
distribution of air velocities. The most important component in
improving the air distribution pattern was the installation of a 45.7
cm high aluminum air straightener. The air straightener was made from
^ No endorsement of product is intended.
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22 gage aluminum sheets fitted together to partition the chamber cross-
section into 10.2 cm x 10.2 cm channels. The aluminum sheets were
taped together with duct tape. The bottom of the air straightener is
76.2 cm above the wire mesh flooring.
An aluminum fly screen (18 x 16 mesh) is on top of the air
straightener to act as a settling means. This screen greatly reduces
oscillation in air velocity measurements near the flooring and thus
reduces air turbulence.
A 7.6 cm air straightener is on top of the screen and masonite peg
board is on top of the 7.6 cm air straightener (Figure 2). The peg
board has 0.64 cm holes every 2.54 cm in both directions and was used
to balance the air velocities throughout the chamber. Balancing was
done by enlarging or plugging holes above each air straightener section
as needed.
The chamber above the peg board slopes inward toward the fan at
about a 45 degree angle. The fans force air directly into the chamber
top. There is a 30.5 cm x 50.8 cm baffle 25.4 cm below the fan outlet
to better distribute the air before it reaches the pegboard. The
baffle was made from a furnace filter positioned above a fly screen.
The fan was installed on top of the pyramid roof of the chamber
and was enclosed in a plywood box. A duct on the back of each chamber
carries air from the 20.3 cm PVC outlet ducts to the fan box to form a
closed loop system for the airflow. Fresh air is injected into this
duct at the rate recommended by Midwest Plan Service (1983). The
-4 3 -3 3design rate is 9.44 x 10 m /s per pig (7.55 x 10 m /s per chamber).
FIGURE 2
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When air is injected into a closed loop system, the same amount of air
must be exhausted from the system. Air exhausts from the chamber
primarily through small openings in the chamber pit area.
Fresh air injection system
A Dayton high static pressure centrifugal fan (model 2C940) draws
air from the room and forces it into a distribution box. Pipes (5.1 cm
PVC) carry air from the distribution box to each chamber. Airflow
volume was measured in each 5.1 cm PVC pipe with a sharp edged orifice.
The orifice was made from 0.5 mm thick plastic and was placed in a PVC
splice joint before connecting the pipe. Plastic tubing runs from
pressure taps across the orifice to a manometer on each chamber. The
orifice size and pressure tap locations were designed according to the
procedure given by ASHRAE (1981). There are no bends or obstructions
in the pipe for the recommended distances given in ASHRAE (1981).
It was calculated that a static pressure of 5.1 cm water column
across the orifice would indicate 7.55 x 10 ^ m^/s of airflow. A slide
gate in the distribution box allows gross adjustments in the static
pressure across all four of the orifices. Baffles were located 17.8 cm
downstream from the orifice to allow fine tuning of the airflow into
each chamber. ASHRAE (1981) reports that sharp edged orifices with
manometers have a 1% precision.
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Temperature control
The pigs, fans, and lights in the chamber continuously produce
heat which must be transferred out of the chamber in order to maintain
a constant temperature within the chamber. The chambers were housed in
a room that was heated or air conditioned in order to maintain the room
at about 18.3°C. The room temperature was about S.e^C lower than the
lowest anticipated chamber temperature.
In addition to heat transfer to room air, heat could be removed
from the chamber through water passing through copper tube coiled in
the return air duct. The coils were made from a 15 m roll of 0.64 cm
diameter copper tubing. Tap water was passed through the tubing and
exited into a drain. Water flow rate can be varied as needed for
temperature control. The coils occasionally condensed water out of the
air but moisture could be added back through the humidification system
if necessary.
The combination of heat loss methods transferred more heat out of
the chambers than was being produced within the chamber. In order to
control the temperature, heat was added back into the return air with
two 500 watt electric coil heaters controlled by a thermostat. The
heaters are located in the return air duct. The thermostat is located
in the chamber above the air straightener so it senses the temperature
of the air reaching the pigs. The thermostat is a Dayton model 2E477
with a fixed 1®C differential.
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Humidity control
Relative humidity was controlled to be in the range of 40 to 80
percent. When-the pigs were first placed in the chambers, moisture was
added to the air .to keep its relative humidity in this range. No
\
measures were.taken to remove moisture from the air. The fresh air
added typically--kept-the relative humidity below 70 percent except when
the pit was^washed.
To add moisture .to the air, water was dripped onto three pieces of
cloth suspended at the upper part of the return air duct. The cloth
also serves as baffles to guide the air more evenly into the fan inlet.
The water evaporates from the cloth into the return air as the air
passes through the cloth. The.relative humidity can be controlled by
adjusting the rate of water dripping onto the cloth.
A hygrothermograph chart recorder located in the return air duct
recorded the temperature and relative humidity of the air exhausting
from the chamber. The rate of water dripping onto the cloth was
adjusted based on feedback from this .recorder.
Pig behavior monitoring system
Pig's behavior in each chamber was monitored- by using a Canon T70
single-;lens reflex c^era with a Vivitar 17 ram, f3.5 super-wide angle
lens. The camera was mounted in a sidewall of each chamber (Figure 3).
The cameras were controlled with Canon. Command Back 70s.^ .All pictures
were taken automatically.
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Laboratory Chamber 
To further verify the effect of air movement on reducing dust 
levels in pig nurseries, a dumping test was performed in a plywood 
chamber 122 cm by 122 cm by 183 cm (4 ft x 4 ft x 6 ft) as shown in 
Figure 4. 
The sidewalls of the chamber were made of 1.2 cm plywood, the top 
and the bottom were made of 1.9 cm plywood. On the top of the chamber, 
a 30 cm x 30 cm x 49 cm hopper was constructed. A slide door was used 
B
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to hold and drop the dust source material. In the top plywood plate of
the chamber, there are 8 equally spaced holes with a diameter of 5.5
cm, 30 cm apart from one another, to let air flow into the chamber. -A
30 cm by 30 cm wood framed exhaust duct, with a length of 150 cm, was
installed in the middle and near the bottom of the chamber. There is
12 cm clearance from the lower side of the duct to the bottom of the
chamber. In the center of the duct bottom, there is a 30 cm x 30 cm
exhaust openingi One end of the duct was installed against a sidewall.
A 25.4 cm variable speed exhaust fan was mounted on the end of the
duct. The speed of the fan was controlled with an autotransformer.
The air flow rate was adjusted by changing the fan speed. The
rotational speed of the fan was measured with a Model 3632 Pocket
Tachometer. There is a door in one sidewall to access into the chamber
for chamber cleaning.. There are two sampling holes in a sidewall of
the chamber, which are 160 cm from the bottom and 10 cm apart from each
other (Figure 4).
Sampling Instrument
A Royco Model 215 Portable Particle Monitor (Figure 5) was used to
measure the dust levels in the animal chambers. The particle diameter
settings on this counter are 0.5, 1.0, 2.0, 3.0, 5.0, 10.0 wm. The
mechanism applied to the monitor is light scattering principle. Only
the particles which have diameters equal to or greater than the
specified size can be counted. For example, if the diameter setting on
the monitor is 1.0 Mm, only those particles that have diameters equal
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to or greater than 1.0 can be detected. The sampling flow rate is
0.283 liter per minute (0.01 ft^/min). An air flow diagr^ of the
monitor is shown as Figure 6.
In the laboratory dumping tests, a Royco Model 218 Portable
Particle Monitor was used. This monitor is very similar to the Model
215. The working mechanism, particle diameter settings and sample air
flow rate are exactly the same.
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FIGURE 5. Royco Model 215 Portable Particle Monitor
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FIGURE 6. A diagram of air flow through the Model 215 monitor
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EXPERIMENTAL DESIGN AND PROCEDURES
Animal Experiment
Experimental design
The purpose of this experiment was to find the optimum values of
air velocity and temperature to minimize the dust levels in the animal
chambers. For this purpose, response surface design (Myers, 1976;
Cochran and Cox, 1957) was used. By using this method, we could find a
suitable approximating relation from which we can see how dust levels
in swine confinement buildings depend upon air velocity and
temperature. We could also determine what the optimum operating
conditions are for dust control. Specifically, the experimental design
was a central composite rotatable response surface. In this design,
2
the basic plan is a 2 factorial, with air velocity (V), and
temperature (T) two factors, each has two levels. These four points,
on coded scale, are (-1, -1), (1, -1), (-1, 1), and (1, 1). Additional
four treatments C-/2, 0), (/2, 0), (0, -\/D and (0, /2) were included
to form a central composite design. In order to obtain a higher
precision for predicted particle numbers (PPN) in the central region,
and to provide some degrees of freedom (df) for estimating experimental
error, a treatment with four replications was added at' the center (0,
0). The basic four factorial points were replicated twice. Therefore,
in total, we had nine treatments and sixteen experimental units. The
actual values of air velocity and temperature used in the experiment
together with coded scales are given in Table 3. The design plan with
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both natural and coded scales is shovm as Figure 7. In the figure, the
numbers in the parentheses are actual values used, and the numbers in
the brackets are coded units. From the figure, we can see why we use
/2 as a coded value in the design. In this particular case, it
requires all the points to have equal distance from the center. They
are equally spaced around the circumference of a circle in the V-T
plane with center (0, 0) and radius /2. An important property of a
rotatable design is that the variance of the estimated response, in
this experiment, the variance of PPN, is a function only of the
distance from the center of the design and not on the direction. It is
useful for us, because we did not know in advance how the response
surface would orient itself with respect to the V-T axes. The central
composite rotatable design also reduced the number of the experimental
units. If we had used the factorial design with each factor having
five levels, we would have had 5 - 2S treatments. If we need some df
to estimate the experimental error, some extra replications should be
added. In that case, the experiment would be much larger than the one
that we carried out. Consequently, some more time and money would be
spent.
Experimental procedures '
The whole project lasted 14 months. The animal chamber
construction was started June, 1985, and completed February, 1986. To
get uniformly distributed air velocity in the chambers, various
approaches were made until the final working system was built. From
February to July, 1986, the dust tests were carried out in the animal
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TABLE 3. Air velocity and temperature values and coded scales
used in the experiment
coded units -n -1 0 1 n
air velocity (V)^ 11.2 15.2 25.4 35.6 39.6
temperature (T) 23.9 25.6 29.4 33.3 35.0
^Centimeter per second.
^Degree Celsius.
chambers. In August, 1986, some additional dumping tests were done in
a laboratory chamber.
Experimental runs Four environmental chambers were run at one
time, each chamber had its own set of air velocity and temperature
combination. Therefore, the sixteen experimental units were divided
into four groups, or four runs, as shown in Table 4.
The four experimental runs (A through D) were performed in random
order. The actual run order was D, B, A, and C. For each run, the
specific set of air velocity and temperature combinations were randomly
assigned to the chambers. Thirty-two pigs which were 21 to 25 days old
were also randomly assigned to the chambers. Each experimental run
continued for two weeks with air velocity and temperature maintained
constant. The relative humidity in all the chambers were controlled in
the range of 40% to 80%. Before each run, the pig areas and pits in
the chambers were washed and sanitized. The intervals between two runs
were dependent upon the availability of the next set of pigs. The
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FIGURE 7. A plan of the experimental design
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TABLE 4. Treatment combinations assigned to each run
run A run B run C run D
T® T V T V T V
29.4 39.6 35.0 25.4 29.4 11.2 23.9 25.4
29.4 25.4 29.4 25.4 29.4 25.4 29.4 25.4
33.3 15.2 25.6 15.2 33.3 35.6 33.3 15.2
25.6 15.2 25.6 35.6 25.6 35.6 33.3 35.6
^T = air temperature in degree Celsius.
= air velocity, centimeter per second.
experimental time schedule is listed in Table 5.
TABLE 5. The experimental schedule
run number
1st run
2hd run
3rd run
4th run
begin date
Feb. 13
Mar. 17
May 09
July 03
end date
Feb. 27
Mar. 31
May 23
July 17
Chamber calibration Before each run of the experiment,
appropriate fans were installed, and the thermostats were set in all
the chambers, in accordance with the air velocities and temperatures
required for that specific run. The fans and thermostats were turned
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on and kept running. The air velocity near the center of the mesh
flooring was adjusted to close to the desired value by setting the
variable auto-transformer at a proper position. Air velocity
measurements were taken with a Model 60 Anemotherm Air Meter, The
probe of the air velocity meter was held 15 cm above the wire mesh
flooring with a wire bracket. A height of 15 cm was chosen because it
is high enough to avoid air turbulence near the flooring, and it is the
height of the pigs at that age. Within one week before a new set of
pigs were introduced, the air velocities were more precisely adjusted.
The precise calibration was made as follows: The air velocity
measurements were taken at 33 equally spaced positions throughout the
chamber. (There are a total of 36 equally spaced spots, but three of
them are occupied by the feeders.) The 33 air velocity readings were
averaged to determine if the average was near the desired value. If
not, the probe was put at the position which had the velocity very
close to the average value, which was also in the central region of the
chamber, then the rheostat was adjusted to make the air velocity at
that spot approximately equal to the desired value.
Once the rheostat setting was made, the air velocity at each of
the 33 points was checked to see if it was within a plus or minus 2.5
cm/s of desired value. If not, the pegboard was adjusted to get the
air velocity within that range. If the air velocity reading was low,
holes in the pegboard were filed slightly larger. If the air velocity
was too high, individual holes were plugged with duct tape. Bach of
the 33 points on the flooring was served by four channels in an effort
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to get even airflow across the entire 20.3 cm x 20.3 cm area even
though the air velocity reading was taken at only one point in the
center of that area.
After all 33 points were checked and adjusted, all the readings
were taken again to make sure that they were still within the range and
that the average of the readings was near the desired value (plus or
minus 0.5 cm/s). The rheostat setting and pegboard procedures may need
to be repeated several times to get the air velocities balanced.
After each run was finished, the air velocity measurements were
taken again to check the changes during the two-week run. The results
showed that the velocity values were quite stable. Only a few values
in each chamber were out of the range set before the run started.
Immediately before the pigs were put into the chambers, the
temperatures were checked with mercury thermometers located near the .
thermostats. Relative humidities were also adjusted to give readings
of about 50 percent on the hygrothermograph recorders.
Pig management and behavior monitoring Feed was provided ad
libitum in two 2-hole nursery pig feeders in each chamber, and added
every day, or sometimes, twice daily. Water was provided ad libitum
via a nipple waterer. The pits at the bottom of the chambers were
flushed and rinsed every three and a half days. The pig management of
all the chambers was the same.
Three sets of pictures were taken on the second, seventh, and
fourteenth day respectively in four chambers for all the experimental
runs.
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Each set of pictures covered one day period with an interval of
one hour. The first picture was taken at midnight, and the last one
was taken at 23:00 the next night. The pictures were used to examine
the behavior, of the pigs, such as, how many pigs were standing in each
chamber at that hour.
Dust sampling
Dust particle samples were taken twice a week in all four chambers
and out of the chambers in the building. The dust particles were
measured at four diameter settings, 0.5 um, 1.0 wm, 2.0 ym, and 5.0 Mm.
The sampling tube was inserted into the chambers about 2,5 cm through a
small hole in the chamber wall. In each chamber, two samples were
taken at different positions, above the wire mesh flooring and under
it. All the sampling positions in different chambers were the same.
They were located 66 cm above the flooring, 20 cm under the flooring,
and 40 cm from the front wall. Each sample count in the chambers was
run for one minute and repeated three times. The sampling order from
the chambers was random. The samples out of the chambers were taken
from three different positions. At each position, the samples were run
for one minute. When the sampler was running in a chamber, the
relative humidity of the same chamber was read from the hygro-
thermograph to make sure that the dust counts and the relative humidity
are coincident. At the same time when the samples were taken, the
behavior of the pigs was observed without disturbing the pigs. Each
time when dust samples were taken from the environmental chambers, dust
samples were also taken from a nearby typical nursery room. The
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sampling procedures from the nursery room were the same as that from
the environmental chambers. Four diameter settings 0,5, 1.0, 2.0, 5.0
ym were used. Three counts were taken for each diameter setting and
each measurement was run for one minute. All the samples were taken
from the same location which is in the middle of the room and about 1
meter above the ground.
Laboratory Test
A supplemental test was carried out in a laboratory chamber. In
this test, 7 different air flow rates, from 0 to 226.5 liter/sec (480
CFM) with an equal interval of 37.8 liter/sec (80 CFM), were applied.
For each air flow rate, the corresponding fan speed was found from the
fan property curve. Before each flow rate test was started, the fan
speed was measured with a tachometer and was adjusted to a desired
level with a variac, the dust level was measured to make sure that at
the beginning of all the tests for different air flow rates, the dust
levels were approximately the same. A swine base mix was used to
create dust in the chamber. In each individual test, 2.3 kg mix was
placed in the hopper on the top of the chamber. Then, the slide door
was pulled out and the mix was dumped into the chamber, mainly on the
exhaust duct, to produce dust. And then the dust particle counter was
turned oh and ten 1-minute measurements were taken. After 10 minutes
sampling was over, the chamber was roughly cleaned by using a brush.
After the chamber was cleaned, five 1-minute samples were taken again.
During the tests, the slide door was replaced. The procedure was
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replicated 5 times for each fan speed setting. Between the tests at
two different fan speed settings, the fan was turned off for at least 2
hours to let the dust deposit on the bottom and to keep the air in the
chamber relatively clean at the beginning of the next test. The
procedures were repeated for each fan speed setting. The dust particle
counts were taken with a Royco Model 218 Portable Particle Monitor.
The sampling tube was inserted about 3 cm into the chamber through a
small hole in a sidewall. In all the dumping tests, all the dust
particles that have diameters equal to or greater than 0.5 m were
counted. The same mix was used for all the tests.
53
RESULTS AND DISCUSSION
Results from Animal Experiment
In the animal experiment, four separate runs were performed. But
in the last run, because of the malfunction of the sampling instrument,
no valid data were obtained. Therefore, the results presented in this
paper are only for the first three runs. Correspondingly, one
treatment, of air velocity (11.2 cm/s) and temperature (29.4°C)
combination, and one replication for each of the other 3 treatments was
lost. The effect of humidity on the dust concentration in the chambers
was ignored because the relative humidity was controlled in a
relatively constant level. When dust samples were taken, the actual
readings from the hygrothermograph recorders were mostly in the range
of 50 to 65 percent. The general result is summarized in Table 6.
Detailed information is given in Appendix A.
The data taken by using the Model 215 Portable Particle Monitor
were not actual dust particle numbers per volume of air, because the
sample air flow rate into the counter was not as expected. Comparing
the data obtained from this experiment with dust levels that previous
researchers reported, the trend was correct. The measurements from
different chambers and different treatments were compatible, but the
individual numbers were not reliable. Therefore, the analysis of the
results cannot rely on the numbers. An overall mean of 27 observations
from the typical nursery room located at ISU Swine Nutrition Farm was
selected as a standard, and it was set to 100%. All the dust
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TABLE 6. Dust levels from animal chambers and outside of the chamb|rs
comparing with the dust level from a typical nursery room
T^ DLP05® DLPl® DLP2^
Typical
100nursery room 27 100 100
outside of: chambers 34 26.7 17.6 10.8
15.2 25.6 48 26.3 24.7 18.3
15.2 33.3 48 24.5 22.9 14.6
25.4 23.9 24 12.6 11.6 5.2
25.4 29.4 72 11.3 7.4 5.5
25.4 35.0 24 7.4 6.0 4.5
35.6 25.6 24 8.5 5.3 4.1
35.6 33.3 24 12.2 6.4 3.2
39.6 29.4 24 10.4 4.2 4.5
^The dust levels in the table are the overall means for
different runs, sampling positions and sampling dates. The values
are in percent comparing with the dust level in a typical nursery
room.
= air velocity, centimeter per second.
^T = air temperature, degree Celsius.
= number of observations.
®DLP05, DLPl and DLP2 refer to dust level in percent for
particle diameters equal to or greater than 0.5, 1.0 and 2.0 microns,
respectively.
concentration levels from different treatments in the chambers and
within the building were compared with this standard. All the analyses
for the animal experiments were based on these percentages. The
measurements of dust particles equal to or greater than 5.0 ^m were
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almost zero for all the treatments because of the counter problem.
Therefore, the particles in that range will not be discussed in this
paper.
From Table 6, it was obvious that the dust levels in the animal
chambers were greatly reduced compared with the dust level from the
nursery room. The highest level from the chambers was approximately a
quarter of that from the nursery room.
A SAS program, Response Surface Regression (RSREG) procedure (SAS
Institute Inc., 1985), was used to analyze the data. Three second
order response surfaces were fitted by using RSREG for 3 dust particle
diameters, ^0.5 um, >1.0 ^m and ^2.0 ym. The equations fitted are:
for dust particles ^0.5 wm,
DLP05 = 77.758 - 4.594V + 0.274T + 0.059V^ + 0.027V*T - O.OIST^
for dust particles ^1.0 wm,
DLPl = 141.612 - 4.145V - 4.494T + 0.056V^ + 0.012V*T + 0.067T^
for dust particles >2.0 wm,
DLP2 = 60.013 - 3.456V + 0.037T + 0.043V^ + 0.021V*T - 0.013T^
In the equations, DLP05, DLPl and DLP2 as well as V, T were
defined as in Table 6. The results from the analysis indicated that
the effect of air velocity on the dust level was significant (P<0.01),
on the other hand, the effect of air temperature was not significant.
The contour plots (Figure 8 through Figure 10) clearly show the
combined effects of air velocities and air temperatures on dust levels
at different particle diameters. In the figures, the numbers attached
to the lines are dust levels in percent comparing with the dust level
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from the nursery room.
Although 3 plots were not exactly the same, especially comparing
Figure 9 with the other two, the tendency was the same. The air
velocity had a significant effect on reducing dust level in the
chambers. Air temperature had little effect on it.
The predicted optimum dust level for particles equal to or greater
than 0.5 #im was 8.7 % of that from the nursery room at the air velocity
(31.9 cm/s) and temperature (30.6^C) combination. The optimum value
estimated was a saddle point (Figure 8). The optimum values predicted
for particle diameters ^1.0 urn and ^2.0 urn were 3.5 % and 3.1 % at the
air velocity and temperature combinations of 33,6 cm/s vs. 30.5®C and
33.2 cm/s vs. 28.2®C, respectively. The optimum values estimated for
these two diameters were a minimum for ^1.0 ym particles and a saddle
point for ^2.0 urn ones (Figure 9 and Figure 10). From, the contour
plots, it was apparent that there was a wide area at which the dust
levels were low. These velocity values ranged from 30 to 36 cm/s for
most temperatures. Of course, an actual operation condition must take
some other factors into consideration, such as the performance of pigs.
In the remainder of this paper, only particles >0.5 m is
discussed intensively, but the results for >1.0 and ^2.0 m are listed,
because the results of the later two were similar to that of particles
^0.5 ^m.
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Dust levels at different positions in the chambers
The dust samples in each chamber were taken from two different
positions, above the wire mesh flooring and under the flooring. The
data are listed in Table 7.
TABLE 7. Dust levels at above floor and under floor from animal
chamber experiment
N
above floor
DLP05 DLPl DLP2
under floor
DLP05 DLPl DLP2
15.4 48 27.0 24.2 18.7 23.9 23.4 14.2
25.4 60 10.7 8.7 4.6 11.0 7.8 5.9
35.6 24 10.4 5.8 3.8 10.3 5.9 3.5
39.6 12 10.7 4.2 4.7 10.0 4.2 4.3
The values are means for all 3 runs, and in percent
comparing with a typical nursery room dust level.
^All the labels are as defined in Table 6.
In Table 7, the dust levels were averaged for different air
velocities only, because the effect of temperature was negligible. The
analysis of variance showed that the dust levels from two different
positions had no significant difference. Figure 11 also shows this
clearly.
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FIGURE 11. Dust level comparison between above floor and under floor
Effect of air velocity
The effect of air velocity on dust levels in the animal chambers
was statistically significant. The data were shown in Table 6.
Ignoring the effect of air temperature as suggested by statistical
analysis, the weighted averages for each air.^velocity level at
different temperature was calculated and listed in Table 8.
The values for ^0.5 um in Table 8 are plotted in Figure 12. From
the table and figure, one can see that the dust levels at low air
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TABLE 8. Effect of air velocity on dust concentration for
different particle diameters
V
dust levels (%) at different diameters
^0.5 urn ^1.0 urn >2.0 Mm
nursery room 100.0 100.0 100.0
out of chambers 26.7 17.6 10.8
15.2 25.4 23.8 16.5
25.4 10.8 8.0 5.2
35.6 10.4 5.9 3.7
39.6 10.4 4.2 4.5
^Dust levels are in percent comparing with that of a
typical nursery room.
velocity (15.2 cm/s) in the chambers and the dust level out of the
chambers in the room were at aboiit the same level, it was about 26 % of
that from the nursery room. When air velocity increased to 25.4 cm/s,
the dust level decreased. Continued increase of air velocity product
no further reduction of the dust level.
Because the effect of air temperature was negligible, a second
order equation of dust level versus air velocity is fitted by using
least square method (Figure 13).
Effect of air temperature
Although the effect of air temperature on dust concentration in
animal chambers was not statistically significant, it did have some
effect. Because the effect of air velocity was dominant, it could not
be neglected in analyzing the effect of temperature. If air velocity
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FIGURE 12, Dust levels at different air velocities comparing with a
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was kept at a constant level and different dust levels were compared
from different temperatures, from Table 6, the data show that at the
higher temperature, the dust concentration is lower except for an air
velocity of 35.6 cm/s. This result is graphically illustrated in
Figure 14. The result was similar to that reported by Heber et al.
(1986).
How air temperature affects dust concentration levels is unknown
It might be related to the activity of pigs; in other words,
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FIGURE 13. Dust concentration in the animal chambers as affected by
air velocity
temperature only affects the dust levels in the chambers indirectly.
Effect of animal activity
As previous animal environmental researchers (Honey and McQuitty,
1979; Nilsson, 1984) noted, the activity of pigs is a very important
factor that affects the dust concentration in animal houses.
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FIGURE 14. Dust levels (%) comparison among different air temperatures
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The pictures taken from all the chambers and different runs were
used for analyzing the behavior of the pigs. To provide an index for
measurement of pig's activity, a standing factor (SF) was defined as,
the ratio of the number of pigs standing and the total number of pigs
in the chamber for each picture. If a pig was setting on its haunches,
it was counted as standing. The ratios are averaged on 3 sets of
pictures, each set has 24 pictures, one for each hour. That is each
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average SF is based on 72 pictures. These average SFs are summarized
in Table 9. The number of pigs standing at each hour is listed in
Appendix B.
TABLE 9. Standing factors and corresponding dust levels at
different air velocities and temperatures
T^ SF^ DLP05^
11.2 29.4 72 20.7 —
15.2 25.6 144 29.6 26.3
15.2 33.3 144 24.8 24.5
25.4 23.9 72 32.6 12.6
25.4 29.4 288 27.7 11.3
25.4 35.0 72 24.8 7.4
35.6 25.6 144 29.2 8.5
35.6 33.3 144 27.2 12.2
39.6 29.4 72 24.3 10.4
^Abbreviations V and T are as defined in Table 6.
= Number of pictures the SFs are averaged on.
Standing Factor, in percent.
Sust level in percent comparing with a typical nursery
room dust level for dust particles ^0.5 m.
The RSREG procedure showed that the effects of both air velocity
and temperature on standing factor were not statistically significant.
The combined effect of air velocity and temperature on SF is shown in
Figure 15 as a contour plot.
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If the effects of air velocity and temperature were considered
separately ignoring the interaction, and the weighted averages were
used, a straight line is fitted for SF versus air velocity and
temperature respectively, and is plotted in Figure 16 and Figure 17
o
o
-
cn
o
o
^cd
OoJ
CJ
CE
Ll-
CD
o
o
•CN
cc
o
o
in
CM
X
X
SF = 23.1 + O.IV
(r = 0.39)
X
X
8.00 16. 00 24.00 32. 00
flIR VELOCITY (CM/S3
40. 00
FIGURE 16. Standing factor as affected by air velocity
Although the line in Figure 16 does not fit the data well, it does
show a tendency that the standing factor slightly increases with an
increase in air velocity. This result was similar to that obtained by
Sallvik and Walberg (1984) and Hultgren and Hazen (1971). They
reported that increased air velocities decreased the pigs sleep time
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FIGURE 17. Standing factor as affected by temperature
when air was directed into their sleeping area.
On the other hand, Figure 17 shows that standing factor decreases
when temperature increases. This was also compatible with the result
reported by Hultgren and Hazen (1971). Their temperature experiment
indicated that sleeping increased, and standing and eating decreased
linearly with an increase in temperature. Stroik and Heber (1986) also
obtained the same result that animal activity decreases at higher
temperature.
Each time when the dust samples were taken, the activity of the
pigs was observed through the plexiglas window without disturbing the
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pigs. When the pigs were active, especially when the pigs were
fighting, the dust particle counts were much higher. When all the i)icfs
were lying down, the dust concentration levels were very low. However
from the data in Table 9, the relationship between dust concentration
and standing factor is not quite clear. The probable reason for this
was that the sampling time and the time when pictures were taken were
not coincident. To graphically show the relationship between dust
level and SF, a straight line is fitted in Figure 18.
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The figure does show a trend that dust concentration level
increases slightly with an increase in standing factor. However, SF
decreased linearly with an increase of temperature. If these two
results were combined together, the relationship between dust
concentration and air temperature in the pig chambers was clear; the
dust level decreased with increasing temperature. This result
explained the indirect effect of temperature on dust concentration in
animal confinement.
Results from Laboratory Test
The laboratory test was carried out in a chamber without any pigs
in it. The chamber was located in an air-conditioned room; thus the
temperature in the room was maintained approximately constant. The
only variable factor was air flow rate. The dust particle numbers were
converted from particles per 0.283 liter to particles per liter. The
summarized data are listed in Table 10.
The 10-minute totals for each air flow rate are plotted against
air flow rate and a second order curve is fitted in Figure 19. In the
equation, PN05 refers to particles per liter air which have diameters
equal to or greater than 0.5 um, is air flow rate (liter/second).
The figure shows that the dust concentration decreases with an increase
in air flow rate. When air flow rate reaches about 150 liter/sec, the
dust concentration is a minimum. As air flow rate increases further,
the dust level begins to increase.
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TABLE 10. Dust particle numbers at different air flow rates,
different time after dumping and after cleaning the
chamber^
Time after air flow rate (liter/sec)
dumping
(min) 0 37.8 75.5 113.3 151.0 188.8 226,5
1 47576 33830 28693 22254 18237 20965 23516
2 45569 28922 18548 11905 11067 12742 15512
3 40311 24551 14025 8668 8092 10060 14806
4 35908 21099 10951 7325 8088 10244 14548
5 32134 17297 10170 7230 7382 9551 14110
6 32276 14459 9516 7208 7555 9993 13989
7 29841 13523 9777 6841 7339 10021 14862
8 28947 12420 9413 6968 7382 9678 14456
9 27512 11389 9562 6972 7152 9608 13636
10 27106 10936 9198 6459 7470 9908 14636
Total 347180 188426 129853 91830 89764 112770 154071
time after
cleaning
1 81375 56636 53989 48385 42470 40283 37792
2 71343 46636 29830 21261 14173 15428 18382
3 52622 36481 19120 12343 9735 11986 16081
4 36795 27371 13876 9625 9131 10965 15576
5 37343 21420 11357 8792 8848 11110 15760
Total 279478 188544 128172 100406 84357 89772 103591
The numbers in the table were dust particle numbers per
liter air for all particles ^0.5 Mm. The values are the
averages of 5 measurements.
In Table 10, five 1-minute dust measurements are also listed. The
data show that the dust level after cleaning the chamber is much higher
than that after dumping. They are almost doubled. The 5-minute totals
after cleaning are at about the same level as the 10-minute totals
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after dumping, which means that the activity in the chamber could
create much more dust than dumping dusty material into the chamber.
The data in Table 10 are plotted in Figure 20.
From the figure, it was obvious that the time needed for the dust
concentration to decay from a high level to a constant level was a
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GRAPH LABELS
FLOW RATE = 0
FLOW RATE = 37,8
FLOW RATE = 75.5
FLOW RATE =113,3
FLOW RATE =151.0
FLOW RATE =188.8
FLOW RATE =226.5
0. 00 2.00 4. 00 6. 00 8. 00
TIME AFTER DUMPING • (MIN]
L/S 0
L/S A
L/S +
L/S X
L/S ^
L/S X
L/S ❖
FIGURE 20. Dust level comparison among different air flow rates after
dumping
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function of air flow rate. When air flow rate was very low or without
air flow, the dust concentration decreased continuously to the end of
10 minutes after dumping. As air flow rate increased, the time needed
was reduced. When the air flow rate were 113.3, 151.0 and 188.8
liter/sec, the time needed for dust to decay to a constant level was
about 3 minutes. At a flow rate of 226.5 liter/sec, the dust
concentration decayed to a constant level at a period of only 2
minutes. The constant levels at different air flow rates were not the
same. The lowest value was for an air flow rate of 113.3 liter/sec.
At an air flow rate of 151 liter/sec, the dust level was slightly
higher. The dust levels were very close for air flow rates at 75.5 and
188.8 liter/sec.
The analysis of variance indicated that the effect of air flow
rate on dust concentration in the chamber was significant (p<0.01).
Therefore, least significant difference (LSD) multiple comparison
procedure (Steel and Torrie, 1980) was applied to determine which
levels of air flow rate were statistically different. The LSD value is
78196 (p=0.01). All pairs of differences were compared with LSD value.
The following result was obtained.
flow rate 0 37.8 226.5 75.5 188.8 113.3 151.0
dust means 347180 188426 154071 129853 112770 91830 89746
The numbers above a same line refer to no significant difference,
and the numbers are not above a same line mean that they are
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significantly different. Dust concentration without air flow was
significantly greater than the dust level at any level of air flow
rate. The optimum air flow rate range for dust controlling was from
113 liter/sec to 151 liter/sec.
Discussion i
The major purpose of this study was to examine the effect of air
velocity and air temperature on dust concentration in specially
designed pig nursery chambers. The statistical analysis indicate that
the effect of air temperature was not important, but the effect of air
velocity was significant. At low air velocity, the dust concentration
in the chambers was high, and it decreased with increasing air velocity
to a minimum, and increased again when air velocity exceeded a certain
value. A similar result was also obtained from a supplemental test in
the laboratory.
The results from the animal experiment and laboratory test were
compatible although not exactly the same. In the laboratory test, the
factor considered was air flow rate, and in the animal test, the major
factor considered was air velocity. The actual effects of these two
factors are the same, because in a certain cross-section area chamber,
the product of air velocity and section area is air flow rate. In the
laboratory test, ignoring the velocity loss, the air velocities used in
the test were from 0 to 15.24 cm/s with an equal interval of 2.54 cm/s.
The values were lower in comparing with the air velocities applied in
animal chambers.
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Because of the structural difference of the two kinds of
experimental chambers/ the effect of air velocity on dust concentration
had some difference. In the animal experiment, the optimum air
velocity was about 30 cm/s; however, in the laboratory test, the lowest
dust level appeared at an air velocity of about 10 cm/s.
The motion of particles in moving fluids has not been studied
extensively? therefore, the results obtained could not be explained
fully from previous knowledge. The inertial impaction theory might be
used to interpret the results.
Three forces, gravitational, inertial and frictional force, act on
a dust particle in the air stream. The frictional force is sometimes
called drag force or viscous force. With a change of velocity,
gravitational force does not change at all, but inertial and drag
forces change according to different laws. Inertial force is a
quadratic function of velocity, whereas frictional force is a linear
function of velocity (Dallavalle, 1948). The ratio of inertial force
and frictional force is called Reynolds number; thus the Reynolds
number is a linear function of velocity. ^
In inertial impaction theory, an inertial impaction parameter is
defined as (Strauss, 1966):
CP
^
18/iD
where = inertial impaction parameter
C = Cunningham correction factor for Stokes' law
Pp = density of the dust particles
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d = dust particle diameter
Vq = undisturbed upstream fluid velocity
u - viscosity of the fluid
D = diameter of collecting body
Assuming the particles are evenly distributed in the air stream,
the efficiency of capture by inertial impaction is defined by the
fraction of particles which can be collected by the tube from a normal
cross-sectional area of the air stream equal to the frontal area of the
collector (Strauss, 1966).
The efficiency of inertial impaction is plotted against
square root of inertial impaction parameter W in Figure 21.
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FIGURE 21. Efficiency of inertial impaction by spheres on cylinders
based on various theories and the experiments by Ranz, Wong
and Johnstone. (from Strauss, 1966)
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For the same dust material, particle diameter, fluid and the same
impaction system, the curves in Figure 21 show that the efficiency of
inertial impaction increases with increasing velocity. When air
velocity reaches a certain value, the further increase of velocity
leads to a rapid increase of inertial impaction efficiency.
Applying the inertial impaction mechanism to the dust test in this
study, four 20.3 cm PVC exhaust ducts in the animal experimental
chambers and the square cross-section exhaust duct iri laboratory test
chamber can be considered as impaction collectors or collecting bodies.-
The mechanism can interpret the results reasonably well. When air
velocity was high, the efficiency of inertial impaction was high, which
resulted in low dust concentration in higher air velocity or air flow
rate. The detail analysis is given as follows:
The flow pattern of air stream and dust particles can be
illustrated as Figure 22. The dust particles follow the air
streamlines until they diverge around the ducts. The particles because
of their mass have sufficient momentum to continue to move towards the
ducts and break through the stre^lines. Gravitational force assists
in this.
When air velocity is low, the Reynolds number is small, the drag
force acting on the particles is dominant. The momentum of small
particles is not large enough to separate the particles from air
streamlines, thus most small particles still remain in the air stream,
and circulate in the chambers. The momentum and inertial force of dust
particles increase with increasing air velocity. When air velocity
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FIGURE 22. Air and dust particle flow pattern around Pve exhaust duct
Solid lines indicate air flow and broken lines indicate
particle path
increased to a certain value, the effect of inertial force overwhelms
the effect of drag force. Some particles, especially larger ones, are
impacted on the ducts and separated from the air stream because of the
effect of inertial force. The remains are still in the air stream.
But when air stream passes around the pipes and gets into the ducts,
because of the sudden change of the air flow direction, particles that
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have larger momentum cannot change flow direction so rapidly. As a
result, the particles are separated from the air stream and impacted on
the bottom of the chambers. The higher the air velocity is, the
stronger the effect of the inertial force, the more dust can be
separated from the air stream, and the less dust remained in the
circulation air.
On the other hand, when air velocity gets too high, some dust on
the surfaces of the ducts and in the manure storage pit can be
disturbed, and picked up by the high speed air stream. Also some dust
deposited oh the different parts of the air straightener can be re-
entrained. Therefore, high air velocity will increase the dust level
in the air. Although at a high air velocity the efficiency of inertial
impaction is high, the net dust level can be increased because even
more dust particles are picked up.
There is an optimum air velocity at which more dust particles are
separated out from the air stream than are picked up by the air stream.
This optimum air velocity may vary for different air distribution
systems.
If the chambers were run for a long time, the dust deposited on
the various parts of the system would increase; consequently, the
effectiveness of dust reduction of the system might decrease.
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CONCLUSIONS
Two major factors, air velocity and temperature were investigated
for their effects on dust concentration in the animal chambers. Other
factors, such as the activity of the pigs and air flow pattern, were
also examined.
The investigation of both the animal experiment and the laboratory
test indicated that the air movement pattern and speed of the air flow
are two important factors for dust controlling in swine confinement
facilities. More specifically, the following conclusions are drawn
from this study:
1. The air distribution system in both the animal experiment
and the laboratory, test are effective in reducing dust
concentration. A directed straight downwards incoming air
direction is favorable for dust control.
2. Dust concentration levels have no difference at different
positions in a same chamber.
3. Dust concentration is a second order function of air
velocity or air flow rate in the specified system. Dust
level decreases with increasing air velocity until an
optimum air velocity is reached, and then increases with a
further increase i,n air velocity. The optimum velocities
for the animal chambers are from 30 to 36 cm/s. It may
differ from one system to another.
4. Dust decay rates increase with an increase in air velocity.
At same time, dust re-entrainment rates also increase with
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increasing air velocity, but the increase rates may not be
. the same.
5. Air temperature does not have significant effect on dust
concentration, however it does have some effect on the
activity of pigs. As temperature increases from 24®C to
35°C, the pigs activeness decreases linearly.
6. Activity of pigs is an important factor for dust
controlling. Active pigs create more dust.
7. The effect of air velocity on dust concentration is
different for different structures of the air flow systems
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RECOMMENDATIONS FOR FURTHER STUDY
In this research project, the performance of the pigs was
investigated separately by another researcher in the same system.
Before the system can be applied to swine production, some more work
should be done:
1. The results from animal performance test and dust test
should be compared to find out an optimum combination of air
velocity and temperature for both pigs performance and dust
control.
2. The experimental period for each treatment and the total
experimental time needs to be prolonged to examine the
effectiveness of the system when running time gets
relatively long. The relative humidity should either be
considered as a variable factor or be controlled in a
narrower range.
3. An economical analysis should be carried out for dollar
investment and energy consumption to determine the
feasibility of the system.
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APPENDIX A: DUST CONCENTRATION LEVELS FROM ANIMAL CHAMBERS, OUT OF THE
CHAMBERS AND A TYPICAL NURSERY ROOM
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TABLE A-1. Dust levels at different experimental conditions from
animal experiment
P^ DOS*^ Dl= 02*^ VE^ TE® DLP05^ DLPl^ DLP2^
1 A 63 33 20 30 92 15.24 33.33 32.95 53.14 39.92
1 A 54 23 23 30 92 15.24 33.33 28.24 37.04 45.91
1 A 46 14 18 30 92 15.24 33.33 24.06 22.54 35.93
1 A 32 2 2 30 92 15.24 33.33 16.74 3.22 3.99
1 A 21 1 4 30 92 15.24 33.33 10.98 1.61 7.98
1 A 28 6 1 30 92 15.24 33.33 14.64 9.66 2.00
1 A 59 12 5 30 92 15.24 33.33 30.86 19.32 9.98
1 A 92 16 11 30 92 15.24 33.33 48.12 25.76 21.96
1 A 79 17 5 30 92 15.24 33.33 41.32 27.38 9.98
1 A 64 20 9 30 92 15.24 33.33 33.47 32.21 17.96
1- A 80 20 8 30 92 15.24 33.33 41.84 32.21 15.97
1 A 76 22 9 30 92 15.24 33.33 39.75 35.43 17.96
1 A 15 2 2 50 85 25.40 29.44 7.85 3.22 3.99
1 A 22 3 0 50 85 25.40 29.44 11.51 4.83 0.00
1 A 17 1 3 50 85 25.40 29.44 8.89 1.61 5.99
1 A 12 2 1 50 85 25.40 29.44 6.28 3.22 2.00
1 A 7 2 1 50 85 25.40 29.44 3.66 3.22 2.00
1 A 7 0 1 50 85 25.40 29.44 3.66 0.00 2.00
R=run number, 1 through 3.
b
P=positions in the chambers, A=above floor, U=under floor.
^D05, Dl, D2 are dust particle numbers per 0.283 liter of air for.
particles equal to or greater than 0.5, 1.0, 2.0 micron respectively.
^Air velocities in English unit (feet/minute).
^Temperatures in English unit (degree Fahrenheit).
^Air velocities in metric unit (centimeter/second).
g
'Temperatures in metric unit (degree Celsius).
^LP05, DLPl and DLP2 refers to dust particles equal to or greater
than 0.5, 1.0, 2.0 microns respectively, in percent comparing with the
nursery room dust level.
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TABLE A-1 continued
R P DOS D1 D2 VE TE V T DLP05 DLPl DLP2
1 A 16 2 1 50 85 25.4,0"""^29.44 8.37 3.22 2..00
1 A 19 0 0 50 85 25.40 29.44 9.94 0.00 0.00
1 A 20 4 1 50 85 25.40 29.44 10.46 6.44 2.00
1 A 19 1 1 50 85 25.40 29.44 9.94 1.61 2.00
1 A 18 3 50 85 25.40 29.44 9^.41 4.83 0.00
1 A 17 2 1 50 85 25.40 29.44 8'.89 3.22 2.00
1 A 14 0 1 "70 92 35.56 33.33 7.32 0.00 2.00
1 A 10 3 70 92 35.56 33.33 5.23 4.83 0.00
1 A 12 3 1 70 92 35.56 33.33 6.28 4.83 2.00
1 A 23 1 1 70 92 35.56 33.33 12.03 1.61 2.00
1 A 16 0 2 70 92 35.56 33.33 8.37 0.00 3.99
1 A 22 7 0 70 92 35.56 33.33 11.51 11.27 0.00
1 A 39 1 2 70 92 35.56 33.33 20.40 1.61 3.99
1 A 24 4 2 70 92 35.56 33.33 12.55 6.44 3.99
1 A 26 5 2 70 92 35.56- 33.33 13.60 8.05 3.99
1 A 28 8 3 70 92 35.56 33.33 14.64 12.88 5.99
1 A 39 5 2 70 92 35.56 33.33 20.40 8.05 3.99
1 A 35 a 3 70 92 35.56 33.33 18.31 12.88 5.99
1 A 9 5 0 50 75 25.40 23.89 4.71 8.05 0.00
1 A 4 3 1 50 75 25.40 23.89 2.09 4.83 2.00
1 A 8 0 0 50 75 25.40 23.89 4.18 0.00 0.00
1 A 18 0 2 50 • 75 25.40 23.89 9.41 0.00 3.99
1 A 22 2 3 50 75 25.40 23.89 11.51 3.22 5.99
1 A 14 4 0 50 75 25.40 23.89 7.32 6.44 0.00
1 A 34 12 3 50 75 25.40 23.89 17.78 19.32 5.99
1 A 31 11 5 50 75 25.40 23.89 16.21 17.71 9.98
1 A 27 9 5 50 75 25.40 23.89 14.12 14.49 9.98
1 A 39 38 6 50 75 25.40 23.89 20.40 61.19 11.98
1 A 47 26 8 50 75 25.40 23.89 24.58 41.87 15.97
1 A 78 14 2 50 75 25.40 23.89 40.79 22.54 3.99
2 A 4 2 1 50 85 25.40 29.44 2.09 3.22 2.00
2 A 5 5 1 50 85 25.40 29.44 2.62 8.05 2.00
2 A 5 1 3 50 85 25.40 29.44 2.62 1.61 5.99
2 A 17 1 1 50 85 25.40 29.44 8.89 1.61 2.00
2 A 15 2 0 50 85 25.40 29.44 7.85 3.22 0.00
2 A 23 2 3 50 85 25.40 29.44 12.03 3.22 5.99
2 A 43 14 11 50 85 25.40 29.44 22.49 22.54 21.96
2 A 46 23 9 50 85 25.40 29.44 24.06 37.04 17.96
2 A 53 13 15 50 85 25.40 29.44 27.72 20.93 29.94
2 A 12 3 0 50 85 25.40 29.44 6.28 4.83 0.00
2 A 13 2 0 50 85 25.40 29.44 6.80 3.22 0.00
2 A 9 1 0 50 85 25.40 29.44 4.71 1.61 0.00
2 A 22 0 0 50 95 25.40 35.00 11.51 0.00 0.00
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TABLE A-1 continued
R P D05 D1 D2 VE TE V T DLP05 DLPl DLP2
2 A 6 1 0 50 95 25.40 35.00 3.14 1.61 0.00
2 A 13 2 0 50 95 25.40 35.00 6.80 3.22 0.00
2 A 8 5 4 50 95 25.40 35.00 4.18 8.05 7.98
2 A 6 4 1 50 95 25.40 35.00 3.14 6.44 2.00
2 A 11 2 2 50 95 25.40 35.00 5.75 3.22 3.99
2 A 22 9 1 50 95 25.40 35.00 11.51 14.49 2.00
2 A 16 1 0 50 95 25.40 35.00 8.37 1.61 0.00
2 A 25 8 3 50 95 25.40 35.00 13.08 12.88 5.99
2 A 16 2 1 50 95 25.40 35.00 8.37 3.22 2.00
2 A 12 4 0 50 95 25.40 35.00 6.28 6.44 0.00
2 A 5 2 0 50 95 25.40 35.00 2.62 3.22 0.00
2 A 17 4 1 70 78 35.56 25.56 8.89 6.44 2.00
2 A 9 2 1 70 78 35.56 25.56 4.71 3.22 2.00
2 A 11 3 0 70 78 35.56 25.56 5.75 4.83 0.00
2 A 5 4 1 70 78 35,56 25.56 2.62 6.44 2.00
2 A 8 7 7 70 78 35.56 25.56 4,18 11.27 13.97
2 A 18 2 5 70 78 35.56 25.56 9.41 3.22 9.98
2 A 11 1 1 70 78 35.56 25.56 5.75 1.61 2.00
2 A 46 6 3 70 78 35.56 25.56 24.06 9.66 5.99
2 A 30 4 1 70 78 35.56 25.56 15.69 6.44 2.00
2 A 11 2 3 70 78 35.56 25.56 5.75 3.22 5.99
2 A 10 3 2 70 78 35.56 25.56 5.23 4.83 3.99
2 A 13 4 1 70 78 35.56 25.56 6.80 6.44 2.00
2 A 22 3 4 30 78 15.24 25.56 11.51 4.83 7.9,8
2 A 20 3 2 30 78 15.24 25.56 10.46 4.83 3.99
2 A 23 2 0 30 78 15.24 25.56 12.03 3.22 0.00
2 A 17 6 11 30 78 15.24 25.56 8.89 9.66 21.96
2 A 26 5 5 30 78 15.24 25.56 13.60 8.05 9.98
2 A 30 9 3 30 78 15.24 25.56 15.69 14.49 5.99
2 A 68 23 10 30 78 15.24 25.56 35.56 37.04 19.96
2 A 69 20 13 30 78 15.24 25.56 36.09 32.21 25.95
2 A 91 31 25 30 78 15.24 25.56 47.59 49.92 49.90
2 A 31 9 10 30 78 15.24 25.56 16.21 14.49 19.96
2 A 61 9 10 30 78 15.24 25.56 31.90 14.49 19.96
2 A 45 10 8 30 78 15.24 25.56 23.54 16.10 15.97
3 A 21 2 1 30 78 15.24 25.56 10.98 3.22 2.00
3 A 13 3 4 30 78 15.24 25.56 6.80 4.83 7,98
3 A 44 6 7 30 78 15.24 25.56 23.01 9.66 13.97
3 A 48 12 6 30 78 15.24 25.56 25.10 19.32 11.98
3 A 30 11 1 30 78 15.24 25.56 15.69 17.71 2.00
3 A 49 8 3 30 78 15.24 25.56 25.63 12.88 5.99
3 A 80 35 19 30 78 15.24 25.56 41.84 56.36 37.92
3 A 44 24 26 30 78 15.24 25.56 23.01 38.65 51.90
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TABLE A-1 continued
R P DOS D1 D2 VE TE V T DLP05 DLPl DLP2
3 A 48 29 23 30 78 15.24 25.56 25.10 46.70 45.91
3 A 129 59 21 30 78 15.24 25.56 67.47 95.01 41.92
3 A 160 42 19 30 78 15.24 25.56 83.68 67.63 37.92
3 A 133 19 19 30 78 15.24 25.56 69.56 30.60 37.92
3 A 53 4 13 30 92 15.24 33.33 27.72 6.44 25.95
3 A 37 13 7 30 92 15.24 33.33 19.35 20.93 13.97
3 A 39 8 5 30 92 15.24 33.33 20.40 12.88 9.98
3 A 34 2 0 30 92 15.24 33.33 17.78 3.22 0.00
3 A 22 0 0 30 92 15.24 33.33 11.51 0.00 0.00
3 A 23 0 1 30 92 15.24 33.33 12.03 0.00 2.00
3 A 56 27 10 30 92 15.24 33.33 29.29 43.48 19.96
3 A 58 32 12 30 92 15.24 33.33 30.33 51.53 23.95
3 A 39 19 9 30 92 15.24 33.33 20.40 30.60 17.96
3 A 45 18 6 30 92 15.24 33.33 23.54 28.99 11.98
3 A 23 12 8 30 92 15.24 33.33 12.03 19.32 15.97
3 A 49 19 13 30 92 15.24 33.33 25.63 30.60 25.95
3 A 16 1 0 78 85 39.62 29.44 8.37 1.61 o,.oo
3 A 19 0 3 78 85 39.62 29.44 9.94 0.00 5.99
3 A 11 1 4 78 85 39.62 29.44 5.75 1.61 7.98
3 A 14 3 3 78 85 39.62 29.44 7.32 4.83 5.99
3 A 19 2 1 78 85 39.62 29.44 9.94 3.22 '2.00
3 A 7 1 0 78 85 39.62 29.44 3.66 1.61 d.oo
3 A 23 4 1 78 85 39.62 29.44 12.03 6.44 2.00
3 A 18 0 3 78 85 39.62 29.44 9.41 0.00 5.99
3 A 16 0 1 78 85 39.62 29.44 8.37 0.00 2.00
3 A 23 13 1 78 85 39.62 29.44 12.03 20.93 2.00
3 A 38 4 5 78 85 39.62 29.44 19.87 6.44 9.98
3 A 41 2 6 78 85 39.62 29.44 21.44 3.22 11.98
3 A 19 0 0 50 85 25.40 29.44 9.94 0.00 0.00
3 A 13 2 0 50 85 25.40 29.44 6.80 3.22 0.00
3 A 23 4 2 50 85 25.40 29.44 12.03 6.44 3.99
3 A 17 4 0 50 85 25.40 29.44 8.89 6.44 0.00
3 A 19 2 0 50 85 25.40 29.44 9.94 3.22 0.00
3 A 23 3 1 50 85 25.40 29.44 12.03 4.83 2.00
3 A 20 6 8 50 85 25.40 29.44 10.46 9.66 15.97
3 A 41 7 5 50 85 25.40 29.44 21.44 11.27 9.98
3 A 25 3 12 50 85 25.40 29.44 13.08 4.83 23.95
3 A 30 9 0 50 85 25.40 29.44 15.69 14.49 0.00
3 A 34 4 3 50 85 25.40 29.44 17.78 6.44 5.99
3 A 29 3 5 50 85 25.40 29.44 15.17 4.83 9.98
1 U 41 5 3 30 92 15.24 33.33 21.44 8.05 5.99
1 U 40 5 1 30 92 15.24 33.33 20.92 8.05 2.00
1 U 38 2 2 30 92 15.24 33.33 19.87 3.22 3.99
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TABLE A-1 continued
R| P DOS D1 D2 VE TE V T DLP05 DLPl DLP2
1 U 25 4 3 30 92 15.24 33.33 13.08 6.44 5.99
1 U 26 4 0 30 92 15.24 33.33 13.60 6.44 0.00
1 u 32 4 2 30 92 15.24 33.33 16.74 6.44 3.99
1 u 65 6 2 30 92 15.24 33.33 34.00 9.66 3.99
1 u 81 30 6 30 92 15.24 33.33 42.36 48.31 11.98
1 u 68 19 4 30 92 15.24 33.33 35.56 30.60 7.98
1 u 60 26 18 30 92 15.24 33.33 31.38 41.87 35.93
1 u 66 39 13 30 92 15.24 33.33 34.52 62.80 25.95
1 u 80 28 21 30 92 15.24 33.33 41.84 45.09 41.92
1 u 15 3 0 50 85 25.40 29.44 7.85 4.83 0.00
1 u 15 2 0 50 85 25.40 29.44 7.85 3.22 0.00
1 u 10 5 1 50 85 25.40 29.44 5.23 8.05 2.00
1 u 8 0 0 50 85 25.40 29.44 4.18 0.00 0.00
1 u 7 0 1 50 85 25.40 29.44 3.66 0.00 2.00
1 u 10 1 0 50 85 25.40 29.44 5.23 1.61 0.00
1 u 16 0 0 50 85 25.40 29.44 8.37 0.00 0.00
1 u 11 1 1 50 85 25.40 29.44 5.75 1.61 2.00
1 u 22 0 0 50 85 25.40 29.44 11.51 0.00 0.00
1 u 12 11 0 50 85 25.40 29.44 6.28 17.71 0.00
1 u 10 3 0 50 85 25.40 29.44 5.23 4.83 0.00
1 u 10 1 0 50 85 25.40 29.44 5.23 1.61 0.00
1 u 9 6 1 70 92 35.56 33.33 4.71 9.66 2.00
1 u 7 2 1 70 92 35.56 33.33 3.66 3.22 2.00
1 u 19 4 1 70 92 35.56 33.33 9.94 6.44 2.00
1 u 12 1 0 70 92 35.56 33.33 6.28 1.61 0.00
1 u 12 4 3 70 92 35.56 33.33 6.28 6.44 5.99
1 u 24 0 0 70 92 35.56 33.33 12.55 0.00 0.00
1 u 31 8 2 70 92 35.56 33.33 16.21 12.88 3.99
1 u 32 0 1 70 92 35.56 33.33 16.74 0.00 2.00
1 u 16 12 4 70 92 35.56 33.33 8.37 19.32 7.98
1 u 36 9 2 70 92 35.56 33.33 18.83 14.49 3.99
1 u 21 3 2 70 92 35.56 33.33 10.98 4.83 3.99
1 u 53 2 2 70 92 35.56 33.33 27.72 3.22 3.99
1 u 10 2 3 50 75 25.40 23.89 5.23 3.22 5.99
1 u 9 2 3 50 75 25.40 23.89 4.71 3.22 5.99
1 u 5 2 0 50 75 25.40 23.89 2.62 3.22 0.00
1 u 10 1 2 50 75 25.40 23.89 5.23 1.61 3.99
1 u 14 0 0 50 75 25.40 23.89 7.32 0.00 0.00
1 u 24 7 2 50 75 25.40 23.89 12.55 11.27 3.99
1 u 25 3 1 50 75 25.40 23.89 13.08 4.83 2.00
1 u . 25 0 3 50 75 25.40 23.89 13.08 0.00 5.99
1 u 20 8 2 50 75 25.40 23.89 10.46 12.88 3.99
1 u 51 6 3 50 75 25.40 23.89 26.67 9.66 5.99
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TABLE A-1 continued
R P DOS D1 D2 VE TE V T DLP05 DLPl DLP2
1 U 31 9 2 50 75 25.40 23.89 16.21 14.49 3.99
1 u 24 9 7 50 75 25.40 23.89 12.55 14.49 13.97
2 u 9 0 1 50 85 25.40 29.44 4.71 0.00 .2.00
2 u 22 3 1 50 85 25.40 29.44 11.51 4.83 2.00
2 u 11 7 0 50 85 25.40 29.44 5.75 11.27 0.00
2 u 14 3 6 50 85 25.40 29.44 7.32 4.83 11.98
2 u 22 2 1 50 85 25.40 29.44 11.51 3.22 2.00
2 u 18 3 0 50 85 25.40 29.44 9.41 4.83 0.00
2 u 102 25 21 50 85 25.40 29.44 53.35 40.26 41.92
2 u 92 28 10 50 85 25.40 29.44 48.12 45.09 19.96
2 u 98 29 19 50 85 25.40 29.44 51.26 46.70 37.92
2 u 8 1 0 50 85 25.40 29.44 4.18 1.61 0.00
2 u 18 0 4 50 85 25.40 29.44 9.41 0.00 7.98
2 u 9 0 0 50 85 25.40 29.44 4.71 0.00 0.00
2 u 17 1 1 50 95 25.40 35.00 8.89 1.61 2.00
2 u 15 4 0 50 95 25.40 35.00 7.85 6.44 0.00
2 u 14 2 1 50 95 25.40 35.00 7.32 3.22 2.00
2 u 11 4 5 50 95 25.40 35.00 5.75 6.44 9.98
2 u 15 4 1 50 95 ,25.40 35.00 7.85 6.44 2.00
2 u 8 3 1 50 95 25.40 35.00 4.18 4.83 2.00
2 u 23 8 14 50 95 25.40 35.00 12.03 12.88 27.94
2 u 22 5 8 50 95 25.40 35.00 11.51 8.05 15.97
2 u 21 10 5 50 95 25.40 35.00 10.98 16.10 9.98
2 u 8 0 0 50 95 25.40 35.00 4.18 0.00 0.00
2 u 12 4 1 50 95 25.40 35.00 6.28 6.44 2.00
2 U' 13 5 5 50 95 25.40 35.00 6.80 8.05 9.98
2 u .8 0 1 70 78 35.56 25.56 4.18 0.00 2.00
2 u 14 .1 3 70 78 35.56 25.56 7.32 1.61 5.99
2 u 6 0 0 70 78 35.56 25.56 3.14 0.00 0.00
2 u 15 3 2 70 78 35.56 25.56 7.85 4.83 3.99
2 u 9 2 0 70 78 35.56 25.56 4.71 3.22 0.00
2 u 24 3 3 70 78 35.56 25.56 12.55 4.83 5.99
2 u 17 6 1 70 78 35.56 25.56 8.89 9.66 2.00
2 u 20 3 2 70 78 35.56 25.56 10.46 4.83 3.99
2 u 22 2 0 70 78 35.56 25.56 11.51 3.22 0.00
2 u 15 9 3 70 78 35.56 25.56 7.85 14.49 5.99
2 u 22 4 5 70 78 35.56 25.56 11.51 6.44 9.98
2 u 27 4 3 70 78 35.56 25.56 14.12 6.44 5.99
2 u 25 3 6 30 78 15.24 25.56 13.08 4.83 11.98
2 u 38 5 3 30 78 15.24 25.56 19.87 8.05 5.99
2 u 23 6 4 30 78 15.24 25.56 12.03 9.66 7.98
2 u 36 5 5 30 78 15.24 25.56 18.83 8.05 9.98
2 u 19 11 1 30 78 15.24 25.56 9.94 17.71 2.00
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TABLE A-1 continued
R P DOS D1 D2 VE TE V T DLP05 DLPl DLP2
2 U 25 3 4 30 78 15.24 25.56 13.08 4,83 7.98
2 U 27 16 8 30 78 15.24 25.56 14.12 25,76 15.97
2 U 34 10 11 30 78 15.24 25.56 17.78 16,10 21.96
2 U 38 10 8 30 78 15.24 25.56 19.87 16.10 15.97
2 U 22 5 5 30 78 15.24 25.56 11.51 8.05 9.98
2 U 26 8 1 30 78 15.24 25.56 13.60 12.88 2.00
2 U 20 10 3 30 78 15.24 25.56 10.46 16,10 5.99
3 U 116 35 5 30 78 15.24 25.56 60.67 56.36 9.98
3 U 99 50 2 30 78 15.24 25.56 51.78 80.52 3.99
3 U 52 11 16 30 78 15.24 25.56 27.20 17.71 31.94
3 U • 47 16 13 30 78 15.24 25.56 24.58 25.76 25.95
3 U 25 26 9 30 78 15.24 25.56 13.08 41.87 17.96
3 U 40 6 9 30 78 15.24 25.56 20.92 9.66 17.96
3 U 83 43 25 30 78 15.24 25.56 43.41 69.24 49.90
3 U 48 35 18 30 78 15.24 25.56 25.10 56.36 35.93
3 U 58 28 20 30 78 15.24 25.56 30.33 45.09 39.92
3 U 33 6 4 30 78 15.24 25.56 17.26 9.66 7.98
3 u 60 4 4 30 78 15.24 25.56 31.38 6.44 7.98
3 u 120 4 5 30 78 15.24 25.56 62.76 6,44 9.98
3 u 34 13 7 30 92 15.24 33.33 17.78 20,93 13.97
3 u 42 10 12 30 92 15.24 33.33 21.97 16,10 23.95
3 u 70 15 6 30 92 15,24 33.33 36.61 24,15 11.98
3 u 33 1 2 30 92 15.24 33.33 17.26 1.61 3.99
3 u 27 5 1 30 92 15.24 33.33 14.12 8.05 2.00
3 u 24 3 3 30 92 15.24 33.33 12.55 4.83 5.99
3 u 34 26 13 30 92 15.24 33.33 17.78 41.87 25.95
3 u 81 24 12 30 92 15.24 33.33 42.36 38.65 23.95
3 u 41 39 7 30 92 15.24 33.33 21.44 62.80 13.97
3 u 22 15 3 30 92 15.24 33.33 11.51 24.15 5.99
3 u 25 13 9 30 92 15.24 33.33 13.08 20,93 17.96
3 u 24 6 1 30 92 15.24 33,33 12.55 9.66 2.00
3 u 14 1 0 78 85 39.62 29,44 7.32 1.61 0.00
3 u 21 0 0 78 85 39.62 29.44 10.98 0.00 .0.00
3 u 11 1 1 78 85 39.62 29.44 5.75 1.61 2.00
3 u 23 0 1 78 85 39.62 29.44 12.03 0.00 2.00
3 u 25 6 1 78 85 39.62 29,44 13.08 9,66 2.00
3 u 39 1 1 78 85 39.62 29,44 20.40 1,61 2.00
3 u 9 1 2 78 85 39.62 29,44 4.71 -1.61 3.99
3 u 6 1 2 78 85 39.62 29,44 3.14 1.61 3.99
3 u 15 0 2 78 85 39.62 29.44 7.85 0,00 3.99
3 u 17 6 5 78 85 39,62 29.44 8.89 9.66 9.98
3 u 20 8 8 78 85 39.62 29.44 10.46 12.88 15.97
3 u 30 6 3 78 85 39.62 29.44 15.69 9.66 5.99
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TABLE A-1 continued
R P DOS D1 D2 VE TE V T DLP05 DLPl DLP2
3 U 11 1 1 50 85 25.40 29.44 5.75 1.61 2.00
3 u 16 4 0 50 85 25.40 29.44 8.37 6.44 0.00
3 u 6 0 1 50 85 25.40 29.44 3.14 0.00 2.00
3 u 12 5 2 50 85 25.40 29.44 6.28 8.05 3.99
3 u 13 3 1 50 85 25.40 29.44 6.80 4.83 2.00
3 u 13 1 1 50 85 25.40 29.44 6.80 1.61 2.00
3 u 46 17 11 50 85 25.40 29.44 24.06 27.38 21.96
3 u 40 9 9 50 85 25.40 29.44 20.92 14.49 17.96
3 u 39 17 10 50 85 25.40 29.44 20.40 27.38 19.96
3 u 26 2 2 50 85 25.40 29.44 13.60 3.22 3.99
3 u 24 5 0 50 85 25.40 29.44 12.55 8.05 0.00
3 u 19 1 3 50 85 25.40 29.44 9.94 1.61 5.99
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TABLE A-2. Dust levels out of the chambers and the nursery room^
out of the chambers nursery room
runs
DO5^
_______
D2^ D05 D1 D2
76 9 11 241 58 27
26 1 0 284 63 23
44 5 0 224 68 33
60 3 4 237 108 54
1st run 65 14 7 297 119 59
122 17 9 272 117 109
47 23 10
72 13 8
97 11 10
75 26 6
26 1 0 80 24 16
31 3 1 117 25 21
25 1 1 104 28 22
31 1 2 258 108 70
34 5 4 297 109 69
2nd run 22 10 2 317 107 65
39 5 3 194 51 52
24 7 2 134 52 46
21 5 4 189 73 40
57 8 3
57 10 5
39 8 1 136 7 6
23 0 • 0 69 7 9
26 3 1 93 5 4
43 15 7 155 25 17
34 3 4 157 37 23
3rd run 39 6 0 189 50 12
55 22 4 126 16 11
57 13 5 84 29 19
52 19 3 109 14 40
50 12 12 253 116 149
111 44 29 243 128 180
126 41 23 303 134 168
j^The values in the table are particles per 0.283 liter of air.
D05,D1,D2 refer to particles ^0.5,>1.0,^2.0wra respectively.
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APPENDIX B: STANDING FACTORS FOR ANIMAL EXPERIMENT
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TABLE B-1, The number of pigs standing in the chambers at different
time for 1st run
Chamber A^ Chamber B^ Chamber C^ Chamber D®
Hour
2-14^ 19 26 14 19 26 14 19 26 14 19 26
0 0 0 0 0 0 3 0 0 0 0 8 2
1 0 0 6 0 3 0 0 0 0 0 0 1
2 0 0 0 0 0 0 2 2 2 1 0 1
3 8 0 0 3 0 1 0 2 3 0 0 6
4 0 0 0 0 0 1 0 3 0 0 0 4
5 1 2 0 0 0 1 0 1 2 2 0 0
6 6 8 0 0 6 0 . 1 2 2 0 7 0
7 0 2 2 0 3 0 7 1 4 0 0 0
8 6 1 3 0 0 3 3 0 1 5 0 4
9 1 4 4 8 3 1 8 2 0 8 8 0
10 6 0 3 0 0 2 2 0 5 0 0 4
11 5 . 2 2 a 0 1 0 0 3 8 0 6
12 0 0 4 8 0 0 3 5 3 8 7 0
13 8 0 0 0 3 7 0 0 2 0 0 5
14 0 0 3 0 1 5 5 4 4 6 6 6
15 2 6 7 8 • 0 4 8 3 1 0 0 0
16 6 0 0 0 2 0 0 4 0 8 5 6
17 6 0 4 8 0 0 2 8 1 5 4 5
18 6 6 0 0 3 1 5 3 3 8 8 0
19 7 5 4 1 1 2 2 5 0 0 1 0
20 0 0 1 1 8 0 0 0 0 0 7 0
21 0 1 4 0 0 0 0 1 0 0 0 5
22 0 0 4 3 0 0 4 3 0 1 1 0
23 0 0 7 0 0 1 0 3 0 0 3 0
Total 68 37 58 48 33 33 52 52 36 60 65 55
SF 35.4 19.3 30.2 25.0 17,2 17.2 27.1 27.1 18.8 31.3 33.9 32.
Mean 28.3 19.8 24.3 32.6
j^On Feb. 26, there were only 7 pigs in chamber D.
The experimental condition in chamber A was: V=15.2 cm/s, T=33.3 C.
^The experimental condition in chamber B was: V=25.4 cm/s, T=29.4 C.
The experimental condition in chamber C was: V=35.6 cm/s, T=33.3 C«
^The experimental condition in chamber Dwas: V=25.4 cm/s, T=23.9 C.
The hour in the day at which the pictures were taken.
^The date the pictures were taken, all were in February.
SF = Standing Factor, in percent.
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TABLE B-2. The number of pigs standing in the chambers at different
time for 2nd run
f Chamber Chamber Chamber Chamber p®
Ua« .Hour
3-18® 25 30 18 23 30 . 18 23 30 18 23 30
0 0 0 0 0 0 1 0 0 2 0 0 0
1 0 0 4 1 1 5 0 0 7 0 0 0
2 0 4 0 8 0 0 1 0 2 0 1 4
3 1 0 0 0 0 1 1 2 0 0 0 0
4 0 1 7 0 0 2 1 0 3 0 3 3
5 0 0 0 5 3 0 0 0 0 0 3 0
6 0 3 7 0 1 1 3 0 2 3 0 0
7 4. 0 7 8 0 3 1 0 0 5 0 0
8 4 0 4 0 2 3 0 0 8 8 0 7
9 8 8' 0 1 0 2 2 6 0 0 0 2
10 0 1 5 0 0 5 4 0 4 0 0 5
11 4 2 0 0 0 2 8 0 4 1 0 2
12 1 2 1 0 0 2 0 3 0 0 0 4
13 8 8 0 5 5 2 8 4 6 8 3 0
14 5 4 0 2 2 1 6 6 5 0 0 8
15 3 5 4 6 6 2 1 2 0 6 7 0
16 8 6 0 8 3 3 0 1 4 4 6 3
17 7 0 5 0 1 6 2 4 5 6 8 7
18 7 8 4 3 0 0 4 1 6 5 0 0
19 0 1 0 0 5 7 0 2 0 1 0 2
20 0 1 0 0 1 5 0 1 5 4 0 3
21 0 0 4 4 0 3 0 0 0 0 0 8
22 7 0 1 0 0 1 0 0 1 0 0 0
23 4 1 0 0 0 5 1 0 0 2 1 4
Total 71 55 53 51 30 62 43 32 64 53 32 62
SF^ 37.0 28.6 31.5 26.6 15.6 32.3 22.4 16.7 33.3 27.6 16.7 32.;
Mean 32.4 24.8 24.1 25.5
j^On Mar, 30, there were only 7 pigs in chamber A.
^The experimental condition in chamber A was: V=25.4 cm/s, T=29.4 C.
^The experimental condition in chamber B was: V=25.4 cm/s, T=35.0 C.
^The experimental condition in chamber C was: V=35.6 cm/s, T=25.6 C.
^The experimental condition in chamber D was: V=15.2 cm/s, T=25.6 C.
•The hour in the day at which the pictures were taken.
j^The date the pictures were taken, all were in March.
SF = Standing Factor, in percent.
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TABLE B-3. The number of pigs standing in the chambers at different
time for 3rd run
T, ®
Chamber Chamber b'' Chamber C^ Chamber
Hour
5-10^ 15 22 10 15 22 10 15 22 10 15 22
0 . 0 7 0 1 0 0 1 0 4 0 0 3
1 2 0 8 0 1 0 0 3 0 0 0 0
2 3 0 2 0 0 0 0 0 0 0 2 0
3 0 0 0 0 0 0 0 0 0 0 4 7
4 0 0 0 0 0 0 1 0 0 0 0 0
5 8 0 0 0 0 0 0 0 5 0 0 0
6 0 0 5 8 0 0 . 6 0 1 6 0 1
7 2 0 8 0 0 0 0 0 6 7 3 0
8 8 7 0 7 0 2 7 1 4 6 0 3
9 0 8 8 7 7 1 0 2 5 0 7 5
10 0 0 3 0 0 3 8 3 0 7 6 3
11 0 3 0 0 0 0 0 0 8 0 7 0
12 8 6 8 7 1 2 0 2 7 6 1 3
13 5 8 8 0 6 5 1 3 0 0 0 •1
14 0 0 0 4 6 5 6 3 4 0 8 4
15 1 0 8 0 0 6 6 0 3 7 7 4
16 0 1 7 2 6 3 1 4 1 0 0 4
17 1 0 7 0 0 0 2 8 2 0 5 0
18 1 6 5 6 0 0 0 0 2 1 0 1
19 0 1 0 0 0 0 0 2 3 7 5 6
20. 3 1 8 3 0 5 6 4 0 1 5 0
21 0 0 0 3 2 6 0 0 0 0 3 5
22 0 5 8 1 2 0 2 0 3 2 0 1
23 0 0 6 0 0 5 0 0 0 1 0 2
Total 42 53 99 49 31 43 47 35 58 51 63 53
SF^ 21.9 27,6 51.6 25.5 16.1 22.4 24.5 18.2 30.2 26.6 32.8 27.1
Mean 33.7 21.3 24.3 29.0
j^The experimental condition in chamber Awas: V=15.2 cm/s, T=25.6 C.
The experimental condition in chamber B was? V=15.2 cm/s, T=33.3 C.
^The experimental condition in chamber Cwas: V=39.6 cm/s, T=29.4 C.
^The experimental condition in chamber Dwas: V=25.4 cm/s, T=29.4 C.
^The hour in the day at which the pictures were taken.
The date the pictures were taken, all were in May.
SF = Standing Factor, in percent.
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TABLE B-4. The number of pigs stcmding in the chambers at different
time for 4th run
A
Chaunber A^ Chamber Chamber C^ Chamber
nOux f
7-4^ 9 16 4 9 16 4 9 16 4 9 16
0 0 0 0 0 0 1 1 0 0 0 0 0
1 0 0 1 0 0 5 1 1 4 0 0 0
2 0 0 1 0 1 0 0 0 2 0 0 0
3 0 0 1 0 0 0 0 0 5 0 0 0
4 0 0 0 0 2 1 0 7 0 7 0 0
5 3 0 0 6 0 0 3 2 0 2 0 0
6 0 2 0 0 3 7 0 3 0 2 0 2
7 8 0 1 8 8 4 4 3 1 0 5 0
8 8 8 6 6 3 6 2 0 5 3 4 0
9 8 6 1 0 0 4 8 5 5 4 4 8
10 8 0 4 2 0 3 7 5 3 5 0 8
11 4 2 5 1 0 0 4 0 7 0 0 0
12 3 8 7 0 4 0 3 4 7 0 0 1
13 1 0 5 8 0 1 0 1 0 6 0 4
14 0 0 6 8 0 2 6 Q 4 1 4 0
15 8 3 2 6 0 0 2 7 1 0 4 1
16 7 2 3 8 4 0 0 3 0 7 0 0
17 8 0 3 0 1 0 8 7 5 0 3 1
18 3 8 3 8 1 2 5 2 0 4 7 0
19 1 4 5 4 8 0 0 2 3 0 0 7
20 0 5 3 8 0 5 0 0 4 2 0 4
21 0 6 3 4 0 7 0 3 5 3 0 3
22 0 0 5 0 3 5 0 0 0 0 0 3
23 2 2 4 0 0 5 0 1 0 0 0 0
Total 72 56 69 77 38 58 54 56 61 46 31 42
SF^ 37,5 29.2 35,9 40.1 19.8 30.2 28.1 29.2 31.8 24.0 16.1 21.!
————• —
Mean 34.2 30.0 29.7 20.7
experimental condition in chamber A was: V=35.6 cm/s, T=25.6 C.
^The experimental condition in chamber B was: V=35.6 cm/s, T=33.3 C.
^The experimental condition in chamber C was: V=25.4 cm/s, T=29.4 C.
^The experimental condition in chamber D was: V=11.2 cm/s, T=29.4 C.
^The hour in the day at which the pictures were taken.
The date the pictures were taken, all were in July.
SF = Standing Factor, in percent.
